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INTRODUCTION.
A l t h o u g h  s a l i c y l a t e s  hav e  b e e n  i n  common us© i n  
t h e r a p e u t i c s  f o r  g e n e r a t i o n s ,  i t  i s  o n l y  i n  c o m p a r a t i v e l y  
r e c e n t  t i m e s  t h a t  p r e c i s e  l a b o r a t o r y  m e th o d s  h a v e  become 
a v a i l a b l e  f o r  t h e  s t u d y  o f  t h e  co m p lex  c h a n g e s  p r o d u c e d  i n  
t h e  o r g a n i s m  d u r i n g  t r e a t m e n t  w i t h  t h e s e  d r u g s .  Any 
c o n s i d e r a t i o n  o f  t h e  t h e r a p e u t i c  a p p l i c a t i o n s  o f  a drug- 
m ust  t a k e  i n t o  a c c o u n t  i t s  t o x i c  m a n i f e s t a t i o n s ,  and t h e s e ,  
f o r  t h e i r  p r o p e r  a s s e s s m e n t ,  s h o u l d  i f  p o s s i b l e  be 
c o r r e l a t e d  w i t h  t h e  c o n c e n t r a t i o n  o f  t h e  d r u g  i n  t h e  
t i s s u e s  and w i t h  d e t e c t a b l e  a l t e r a t i o n s  i n  t h e  c o m p o s i t i o n  
o f  body f l u i d s .  A c o n s i d e r a b l e  l i t e r a t u r e  on t h e  
t o x i c o l o g y  o f  s a l i c y l a t e s  h a s  a c c u m u l a t e d ,  b u t  l e s s  
a t t e n t i o n  a p p e a r s  t o  hav e  b ee n  g i v e n  t o  t h e  i m p o r t a n c e  
o f  t h e  d e t a i l s  o f  t h e  l a b o r a t o r y  i n v e s t i g a t i o n  o f  t h e  
s a l i c y l a t e  c o n c e n t r a t i o n  o f  t h e  b lo o d  t h a n  t h i s  a s p e c t  
•of t h e  s u b j e c t  demands.
T h i s  t h e s i s  r e v i e w s  p r e v i o u s  work  on t h e  p h a r m a c o l ­
o g i c a l  a c t i o n  o f  s a l i c y l a t e  i n  r h e u m a t i s m ,  and d e s c r i b e s  
a c r i t i c a l  i n v e s t i g a t i o n  o f  a w i d e l y  used  method  o f  
d e t e r m i n i n g  serum s a l i c y l a t e  c o n c e n t r a t i o n s .  The 
l i m i t a t i o n s  o f  t h e  method h a v i n g  b e e n  c l e a r l y  d e f i n e d  
and t h e  e x p e r i m e n t a l  c o n d i t i o n s  n e c e s s a r y  f o r  i t s  maximum 
u s e f u l n e s s  d e t e r m i n e d ,  t h e  t e c h n i q u e  h a s  b e e n  a p p l i e d  t o
a s t u d y  o f  t h e  f a c t o r s  i n f l u e n c i n g  t h e  b lo o d  s a l i c y l a t e  
c o n c e n t r a t i o n  i n  one h u n d re d  i n d i v i d u a l s  t o  whom t h e  
sod ium  s a l t  was  a d m i n i s t e r e d .  Normal  s u b j e c t s  and  
p a t i e n t s  s u f f e r i n g  f rom  d i f f e r e n t  c o n d i t i o n ©  h a v e  b ee n  
s t u d i e d ,  and t h e  i n v e s t i g a t i o n  was c a r r i e d  o u t  w i t h  
p a r t i c u l a r  r e f e r e n c e  t o  h a e m o r r h a g l e  m a n i f e s t a t i o n s  and  
t h e i r  r e l a t i o n s h i p  t o  a s c o r b i c  a c i d  and  v i t a m i n  K 
r e q u i r e m e n t s .
I t  was  a p p a r e n t  f rom t h e  o u t s e t  t h a t  t h e  programme 
n e c e s s i t a t e d  t h e  c o - o p e r a t i o n  o f  o t h e r s ,  and  due 
a ck n o w led g em en t  w i l l  b e  made t o  them*
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e f f e c t s
CHAPTER I .
OF SALICYLATE ADMINISTRATION -  REVIEW OF 
THE LITERATURE.
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CHAPTER I .
E f f e c t s  o f  S a l i c y l a t e  Admini s t r a t i o n  -  Review o f
t h e  l i t e r a t u r e .
The a c t i o n  o f  a d r a g  i s  d e p e n d e n t  on an  a d e q u a t e
t
c o n c e n t r a t i o n  b e i n g  m a i n t a i n e d  i n  t h e  b l o o d  s t r e a m  and 
t i s s u e s ,  and  t h i s  l e v e l  i s  i n  t u r n  d e p e n d e n t  on t h e  
m anne r  and r a t e  o f  a b s o r p t i o n ,  d i s t r i b u t i o n ,  and  e x c r e t i o n .
The a b s o r p t i o n  and e x c r e t i o n '  o f  s a l i c y l a t e s  w e re  
s t u d i e d  by S c o t t ,  T h o r b u r n ,  and H a n z l i k  (1 9 ^ 7 )>  and  t h e s e  
i n v e s t i g a t o r s  showed t h a t  most  compounds o f  s a l i c y l i c  
a c i d  were  a b s o r b e d  e q u a l l y  w e l l .  They s t a t e d  a l s o  t h a t  
e x c r e t i o n  was  r a p i d ,  no a p p r e c i a b l e  amount  o f  t h e  d r u g  
b e i n g  d e t e c t e d  i n  t h e  b l o o d  i n  man f o r t y e i g h t  h o u r s  
a f t e r  i t s  a d m i n i s t r a t i o n  had b ee n  s t o p p e d .  The same 
w o r k e r s  found  t h a t  i n  i n d i v i d u a l s  s u f f e r i n g  f ro m  
r h e u m a t i c  f e v e r ,  t h e  t o t a l  amount e x c r e t e d  was a b o u t  
f i f t e e n  p e r  c e n t  l e s s  t h a n  i n  n o rm a l  s u b j e c t s .
E x c r e t i o n  was a l s o  r e p o r t e d  t o  be  r e d u c e d  i n  a l c o h o l i s m ,  
m o rp h in i s m ,  and t u b e r c u l o s i s ,  b u t  t h e  a d m i n i s t r a t i o n  o f  
sodium b i c a r b o n a t e  was n o t  o b s e r v e d  t o  p r o d u c e  any 
a l t e r a t i o n  i n  t h e  amount  o f  s a l i c y l  r a d i c a l  e x c r e t e d  i n  
t h e  u r i n e .
S m u l l ,  w e g r i a ,  and L e l a n d  (1 9 4 4 )  d e s c r i b e d  a s e r i e s
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o f  e s t i m a t i o n s  o f  serum s a l i c y l a t e  on p a t i e n t s  who w ere  
g i v e n ,  f i r s t ,  sodium s a l i c y l a t e  a l c n e ,  and t h e n  sodium 
s a l i c y l a t e  and sodium b i c a r b o n a t e  t o g e t h e r  i n  e q u a l  
am oun ts -  They fo u n d  t h a t  when t h e  serum s a l i c y l a t e  
c o n c e n t r a t i o n  was  m a i n t a i n e d  a t  a . f a i r l y  c o n s t a n t  l e v e l  
w i t h  t h e  p a t i e n t  r e c e i v i n g  sodium s a l i c y l a t e  a l o n e  
o r a l l y ,  t h e  c o n c u r r e n t  a d m i n i s t r a t i o n  o f  sodium b i c a r b o n a t e  
c a u s e d  t h e  serum s a l i c y l a t e  c o n c e n t r a t i o n  t o  f a l l ;  a l s o ,  
t h e y  r e p o r t e d  t h a t  when sodium s a l i c y l a t e  and s o d iu m  
b i c a r b o n a t e  w ere  g i v e n  t o g e t h e r  f rom  t h e  b e g i n n i n g  i n  a 
s e r i e s  o f  p a t i e n t s ,  t h e  c o n c e n t r a t i o n  o f  s a l i c y l a t e  a t t a i n e d  
i n  t h e  serum’ was n e v e r  a s  h i g h  a s  t h a t  o b t a i n e d  when t h e  
same d o se  o f  sod ium  s a l i c y l a t e  was g i v e n  a l o n e -  H u n t i n g d o n ,  
Ryan,  B u t t ,  G r i f f i t h ,  Montgomery ,  S o l l e y ,  and L e a k e  (1 9 4 6 )  
c a r r i e d  o u t  s i m i l a r  e x p e r i m e n t s  on a s m a l l e r  s c a l e ,  b u t  
w ere  u n a b l e  t o  d e t e c t  any s i g n i f i c a n t  d i f f e r e n c e  i n  
s a l i c y l a t e  l e v e l s  i n  t h e  serum w h e t h e r  o r  n o t  b i c a r b o n a t e  
was a d m i n i s t e r e d  c o n c u r r e n t l y .  E a r l i e r ,  M o r r i s  and  Graham 
( 1931) had  e x p r e s s e d  t h e  v iew t h a t  sodium b i c a r b o n a t e  had 
t h e  e f f e c t  o f  i n c r e a s i n g  t h e  c o n c e n t r a t i o n  o f  s a l i c y l a t e  
i n  t h e  se rum ,  b u t  l a t e r  work by P a r k e r  ( I 9 4 8 ) seemed t o  c o n f i r m  
t h e  v i e w s  o f  Sm ull  and  h i s  c o - w o r k e r s .  S m i th ,  G l e a s o n ,
S t o l l  and G g o r z a l e k  (1 9 4 6 )  a l s o  s t u d i e d  t h e  e f f e c t  o f  sod ium
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b i c a r b o n a t e  on s a l i c y l a t e  e x c r e t i o n ,  and  d e m o n s t r a t e d  i n  
t h e i r  c a s e s  t h a t  a d m i n i s t r a t i o n  o f  a l k a l i  was a c c o m p a n ie d  
by an  i n c r e a s e d  e x c r e t i o n  o f  f r e e  s a l i c y l a t e  i n  t h e  u r i n e ,  
b u t  t h a t  t h e  t o t a l  s a l i c y l a t e  e x c r e t i o n  was u n a f f e c t e d .
QUinke ( 1 8 8 2 )  p u b l i s h e d  an a c c o u n t  o f  t h e  symptoms 
o f  s a l i c y l a t e  i n t o x i c a t i o n  a s  t h e y  were  r e c o g n i s e d  a t  t h a t  
t i m e -  They c o n s i s t e d  o f  h e a d a c h e ,  d i z z i n e s s ,  t i n n i t u s ,  
d e a f n e s s ,  n a u s e a ,  v o m i t i n g ,  c o l l a p s e ,  and so m e t im e s  
a l b u m i n u r i a .  Modern t e x t b o o k s  add  l i t t l e  t o  t h i s  
d e s c r i p t i o n .  I n  h i s  p a p e r ,  Q uinke  d e s c r i b e d  a 
d i s t u r b a n c e  o f  r e s p i r a t i o n  w h ich  h e  had  n o t e d  i n  s u b j e c t s  
r e c e i v i n g  s a l i c y l a t e  t h e r a p y ,  t o  w hich  he  gav e  t h e  name 
" s a l i c y l  d y s p n o e a . ” He s t a t e d  t h a t  t h e  d e p t h  and  t h e  
r a t e  o f  b r e a t h i n g  m ig h t  b e  i n c r e a s e d  i n d e p e n d e n t l y  o r  
t o g e t h e r ,  and he  compared  t h e  c o n d i t i o n  w i t h  t h e  h y p e r -  
pnoea  o f  d i a b e t i c  a c i d o s i s .  Quinke  recommended t h e  
a d m i n i s t r a t i o n  o f  a l k a l i  t o  combat  t h e  a c i d o s i s  w h ic h  he  
b e l i e v e d  t o  b e  t h e  u n d e r l y i n g  d i s o r d e r .
Langmead (1 9 0 6 )  d e s c r i b e d  e i g h t  c a s e s  o f  s a l i c y l a t e  
p o i s o n i n g  i n  c h i l d r e n ,  o f  w h ic h  two w e re  f a t a l .
H yperpnoea  was  a p r o m i n e n t  s i g n ,  b u t  a s  some o f  t h e  c a s e s  
showed s t a r v a t i o n  and a c e t o n u r i a ,  k e t o n u r i a  c a n n o t  b e  
r u l e d  o u t  a s  t h e  t r u e  c a u s e  o f  t h e  h y p e r p n o e a  i n  t h e s e  
c a s e s .
S c o t t  and H a n z l ik  (1 9 1 6 )  r e f e r r e d  to  th e  
o c c u r r e n c e  o f  a l b u m i n u r i a  d u r i n g  t h e r a p y  w ith  sodium  
s a l i c y l a t e ,  s t a t i n g  t h a t  t h e y  fo u n d  i t  in  a p y r e x i a l  
a s  w e l l  a s  i n  f e b r i l e  s u b j e c t s ,  and  i n  b o th  non­
r h e u m a t i c  and  r h e u m a t i c  c a s e s .  The a l b u m i n u r i a  was 
d e s c r i b e d  a s  r e n a l  i n  o r i g i n ,  and i n  e x p e r im e n ta l  
a n i m a l s  r e n a l  h a e m o r r h a g e s  were  d e t e c t e d .  i n  man 
s u f f e r i n g  f rom  i n t o x i c a t i o n  w i t h  s a l i c y l a t e s  t h e  • 
damage t o  t h e  k i d n e y s  d i d  n o t  a p p e a r  t o  be perm anent.
H a n z l i k ,  S o o t t ,  and R e y c r o f t  (1 9 1 7 )  d e s c r i b e d  t h e  
o c c u r r e n c e  o f  w a t e r  r e t e n t i o n  i n  t h e  t i s s u e s  d u r i n g  
sodium s a l i c y l a t e  t h e r a p y .  They d e m o n s t r a t e d  t h a t  
w h i l e  s m a l l  d o se s  o f  t h e  d r u g  w ere  f o l l o w e d  by a 
d i u r e s i s ,  l a r g e  d o s e s  gave  r i s e  t o  p a r t i a l  s u p p r e s s i o n  
o f  w a t e r  e x c r e t i o n  by  t h e  k i d n e y ,  due  i n  p a r t  t o  
d i a p h o r e s i s ,  b u t  a l s o  t o  some e x t e n t  to  a d i m i n u t i o n  
i n  r e n a l  f u n c t i o n .  An i n c r e a s e  i n  w e ig h t  i n  n o rm a l  
c o n t r o l s  r e c e i v i n g  sod ium  s a l i c y l a t e  i n  t h e r a p e u t i c  
d o s e s  was  o b s e r v e d .  S i n c e  no e v i d e n c e  o f  haemo- 
d i l u t i o n  was f o u n d  t h e y  s t a t e d  t h a t  t h e  w a t e r  r e t e n t i o n  
was c h i e f l y  in  t h e  t i s s u e s .  T h i s  w a t e r  r e t e n t i o n  
t h e y  c a l l e d  u s s l i c y l  oedema’' , and  e m p h a s i s e d  t h a t  i t  
i n  no way r e s e m b l e d  th e  p i t t i n g  oedema commonly o b s e r v e d
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i n  c a s e s  o f  c a r d i a c  f a i l u r e  o r  n e p h r i t i s .
I n  c o n t r a d i s t i n c t i o n  t o  t h e  c l a i m  t h a t  h a e m o d i l u t i o n  
d o e s  n o t  o c c u r ,  B a r b o u r  ( 1 9 ^ 1 )  showed t h a t  t h e  
e x h i b i t i o n  o f  a n t i p y r e t i c s  i n  f e v e r  c a u s e d  an  in c r e a s e  
i n  b l o o d  v o lu m e ,  and h e  e x p r e s s e d  t h e  v ie w  t h a t  a s  a 
r e s u l t  o f  t h i s  change  t h e  h e a t  c e n t r e  p e r m i t t e d  
i n c r e a s e d  h e a t  l o s e ,  and a l s o  t h a t  h a e m o d i l u t i o n  
i n c r e a s e d  s w e a t i n g .
L y o n s  ( 1 9 4 4 )  s t u d i e d  t h e  e f f e c t  o f  sod ium  i n t s k ©  
on p la sm a  volume and body  w e i g h t .  He r e p o r t e d  a 
s i g n i f i c a n t  i n c r e a s e  i n  p lasm a vo lum e  i n  f o u r t e e n  
s u b j e c t s  a f t e r  r e c e i v i n g  f o r t y  g ram s sodium c h l o r i d e  
o r  f i f t y  grams sodium b i c a r b o n a t e  i n  f o r t y e i g h t  h o u r s .
The i n c r e a s e  was a c c o m p a n ie d  by  & r i s e  i n  v e n o u s  p r e s s u r e  
and  body w e i g h t ,  b u t  t h e r e  was  no p r o p o r t i o n a t e  f e l l  
i n  t h e  se rum  p r o t e i n ,  h a e m o g l o b i n ,  o r  r e d  b l o o d  c e l l  
c o u n t .
The e m e t i c  a c t i o n  o f  s a l i c y l a t e s  was  i n v e s t i g a t e d  
o v e r  f o r t y  y e a r s  ag o  by  f s d d e l l  ( 1 9 1 1 )*  who f o u n d  t h a t  
i n t r a v e n o u s  and  o r a l  a d m i n i s t r a t i o n  ©f sod ium  g a l i e y W i ©  
were  e q u a l l y  a c t i v e  i n  c e a s i n g  v o m i t i n g #  f h e  v e ® i t a s
a f t e r  p a r e n t e r a l  a d m i n i s t r a t i o n  d i d  ®of e o t i t s i f i  
s a l i c y l a t e .  H a n z l i k  (1 9 1 3 )  was one o f  t h e  f i r s t  t© 
s u b s c r i b e  to  t h e  v ie w  t h a t  t h e  v o m i t in g :  o f  s e t i e s y l s i e
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o v e r d o aage  was c e n t r a l  in  o r i g i n ,  b a s in g  h i s  v ie w s  on
t h e  o b s e r v a t i o n  t h a t  e m e s i s  was J u s t  s s  l i k t l y  t o  o c c u r  
a f t e r  t h e  a d m i n i s t r a t i o n  o f  s a l i c y l a t e s  i n  a form which  
p a sse d  t h r o u g h  t h e  s to m a c h  u n d i s e o l v e d  a s  a f t e r  ©olubl©  
p r e p a r a t i o n s  s u c h  a s  sodium s a l i c y l a t e -
E g g l e s t o n  and  H a t c h e r  ( I 9 l £ ,  1915)  c o n s i d e r e d  th e  
p r o b le m  i n  d e t a i l *  They d e m o n s t r a t e d  t h a t  whan t h e  
d r u g  was a d m i n i s t e r e d  i n t r a v e n o u s l y ,  a s m a l l e r  do so  
was r e q u i r e d  t o  p r o d u c e  v o m i t i n g  t h a n  when t h e  © r s l  
r o u t e  was u s e d ,  and  t h e  r e s u l t  was mors prompt* D©g§ 
f rom  w hich  t h e  a l i m e n t a r y  t r a c t  had  boon  removed shewed 
t h e  t y p i c a l  phenomena o f  e m e t i c  r e s p o n s e  when s s i i o y l s t ©  
was g i v e n  i n t r a v e n o u s l y -  T h e se  r e s u l t s  w e re  c l s i m s d  § s  
e x p e r i m e n t a l  p r o o f  t h a t  t h e  main e m e t i c  a c t i o n  o f  
s a l i c y l a t e s  was n o t  l o c a l  b u t  c e n t r a l  i n  o r i g i n ,  feat  i t  
was a l s o  s u g g e s t e d  t h a t  a l o c a l  i r r i t a n t  f a c t o r  m i g h t  
be  p r e s e n t  i n  a d d i t i o n  when t h e  d r u g  was tafeen  b y  fflCtttfe# 
S c h r e d o r f ,  B r a d l e y ,  and  Iv y  ( 1 9 3 6 )  made t h e  
o b s e r v a t i o n  t h a t  a c e t y l  s a l i c y l i c  a c i d  a f f e c t e d  g£>gtri@ 
m o b i l i t y  and  g a v e  r i s e  t o  g a s t r i c  i r r i t a t i o n ,  e v e n  i n  
i n d i v i d u a l s  n o t  h y p e r s e n s i t i v e  t o  t h e  d rug#  The t n t n i  
t i t r a t a b l e  a c i d i t y  was i n c r e a s e d  by  a s p i r i n ,  and  t h i n ,  
i t  was s u g g e s t e d ,  was a n o t h e r  c a u s e  o f  g a s t r i c  i r r i t & t i n n #  
Sodium b i c a r b o n a t e  was s a i d  t o  d i m i n i s h  b o t h  e f f e c t s ,  &'hd 
S a b l e  (1 9 4 5 )  s u g g e s t e d  t h a t  t h e s e  a c t i o n s  o f  h i  c a r b o n & t c
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s u p p o r t e d  i t s  use  a l o n g  w i t h  s a l i c y l a t e #  He d e s c r i b e d  
c a s e s  i n  which no i l l  e f f e c t s  o f  b i c a r b o n a t e  had b e e n  
n o t e d .  sodium b i c a r b o n a t e ,  h o w e v e r ,  l i b e r a t e s  c a r b o n  
d i o x i d e  when i t  r e a c t s  w i t h  a c i d ,  and t h e  g a s  r e l e a s e d  
n o t  o n l y  c a u s e s  d i s c o m f o r t ,  b u t  i s  r e c o g n i z e d  a s  
b r i n g i n g  a b o u t  a s e c o n d a r y  s e c r e t i o n  o f  g p s t r i o  ju te®*
Much c o n t r o v e r s y  h a s  a r i s e n  o v e r  t h e  q u e s t i o n *  d o t s  
a c i d o s i s  a r i s e  d u r i n g  s a l i c y l a t e  t h e r a p y ?  I n f e r e n c e  
h a s  a l r e a d y  b een  made to  Q u in k e 1 s  v iew s#  and h© 
u n d o u b t e d l y  c o n s i d e r e d  t h e  h y p e r p n o e a  o f  s a l i o y l l i f f l  s s  
a c i d o t i c .  J o h n s o n  ( 1 9 3 0 )  a d m i n i s t e r e d  s a l i c y l a t e  t o  
c a t s ,  and f o u n d  t h a t  a f a l l  i n  b l o o d  l a c t a t e  end t h e  
a l k a l i  r e s e r v e  r e s u l t e d .  He c o n c lu d e d  t h a t  © a l i e y l s t ®  
co u ld  c a u s e  an  a c i d o s i s ,  b u t  S c o t t  ( 1 9 1 6 )  end  o t h e r s  
had e a r l i e r  c a r r i e d  o u t  s i m i l a r  e x p e r im e n t©  th e y
fo und  l i t t l e  change  i n  a l k a l i  r e s e r v e  a f t e r  t h e  
a d m i n i s t r a t i o n  o f  m a s s i v e  d o s e s  o f  s a l i c y l a t e #
V e i l  ( 1 9 2 6 ) ,  G e b e r t  ( 1 9 3 1 ) ,  and  Odin  ( 1 9 J 2 )  e f t © y  
s e p a r a t e  e x p e r i m e n t s  a l l  s u b s c r i b e d  t o  t h e  v i e w >t & o t  
t h e r e  was a marked d i s p a r i t y  b e tw e e n  t h e  d e g r e e  o f  
h y p e r p n o e a  and  t h e  ch an g e  i n  t h e  a l k a l i  r e s e r v e  o f  t h e  
b l o o d .  They f o u n d  t h a t  d u r i n g  s a l i c y l a t e  t h e r a p y  t h e  
u r i n a r y  pH was g e n e r a l l y  i n c r e a s e d ,  and t h e y  b e l i e v e d  
t h i s  i n d i c a t e d  an  i r r i t a t i v e  e f f e c t  on t h e  r e s p i r ^ t e r y
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c e n t r e  by the dru g , which in  tu r n  gave r i s e  t o
h y p e r v e n t i l a t i o n  a n d ,  t h e r e f o r e *  to  a d e c r e i i ©  i n  t h e  
OOg t e n s i o n  i n  t h e  a l v e o l a r  a i r  and i n  t h e  b lo o d #
A r e d u c t i o n  o f  t h e  f i x e d  b a s e  in  t h e  b l o o d  was b r o u g h t  
a b o u t  by t h e  e x c r e t i o n  o f  an a l k a l i n e  u r in e #  I t  i §  
i m p o r t a n t  t o  r e a l i s e  t h a t  i f  s a l i c y l a t e  doe© oaui© 
a l k a l o s i s ,  t h e  t r e a t m e n t  o f  s a l i c y l a t e  i n t o x i c a t i o n  by 
a d m i n i s t r a t i o n  o f  s l k a l l  i s  e o n t r ® - i n d i c ® t e d *
Bowen, E o u f a ,  and c l i n g e r  (1 9 3 b )  d e s c r i b e d  p o i s o n i n g  
by s a l i c / l a t e  i n  & c h i l d  o f  e i g h t e e n  month© who had  
t a k e n  s e v e r a l  t a b l e t s  o f  a s p i r i n  and a ©ip o f  d i l u t e  
o i l  o f  w i n t e r g r e e n #  H y perpnoea  was v e r y  marked* b u t  
t h e  c a r b o n  d i o x i d e  c o m b in in g  power  o f  t h e  b l o o d  was  
50 vo lum es  p e r  ICO volumes#  T h i s  s u p p o r t©  t h e  v ie w  
t h a t  t h e  h y p e r p n o e a  cf s s X i e y l l a m  i s  due* n o t  t o  a c i d o s i s *  
b u t  t o  some o t h e r  e f f e c t ,  p r o b a b l y  c e n t r a l #
Dodd ( 1 9 3 7 )  r e p o r t e d  a human m m  o f  p o i s o n i n g  i n  
which  he  f o u n d  a f i x e d  t y p e  o f  a c i d o s i s  w i t h  m  i n c r e a s e d  
CC2 c a p a c i t y  and l o w e r e d  b l o o d  piu  I n  e x p e r im e n t©  on 
d o g s ,  h o w e v e r ,  h e  f o u n d  t h e  b l o o d  pH i n c r e a s e d  a n d  no 
a l t e r a t i o n  i n  t h e  a c i d / b a s e  e « j a i l i b r iu J § ;  some s n i v e l s  
m a n i f e s t e d  an i n c r e a s e d  l o s s  ©f OC2 f ro ®  t h e  b l o o d  d u e  
t o  h y p e r p n o e a ,  and a n  a s s o c i a t e d  i n c r e a s e  i n  b l o o d  p% 
w h ic h  was f o l l o w e d  b y  a c o » p e n s a i o r y  l o s s  o f  b a s e  a n d  
t h e  e x c r e t i o n  ©f an a l k a l i n e  u r i n e #  i*©dd b e l i e v e d
-  12 -
h i s  r e s u l t s  were f u r t h e r  e v id e n c e  in  su p p o r t  of t h e  v iew
t h a t  t h e  c a u s e  o f  h y p e r p n o e a  was c e n t r a l .
More r e c e n t l y  R e id  h a s  i n v e s t i g a t e d  t h i s  p rob lem #
I n  h i s  e a r l i e r  s t u d i e s  R e id  (1 9 4 8 )  s u g g e s t e d  t h a t  
s a l i c y l a t e  i n d u c e d  an a c i d o s i s ,  b u t  l a t e r  w i t h  Watson 
and  S p r o u l l  ( 1 9 5 0 )  be c a r r i e d  o u t  d e t a i l e d  s t u d i e s  o f  
p i  asma CO2 c o n c e n t r a t i o n s  i n  a d u l t s  u n d e r  t r e a t m e n t  w i t h  
s a l i c y l a t e  f o r  r h e u m a t i c  f e v e r ,  and p r o d u c e d  c o n v i n c i n g  
e v i d e n c e  t h a t  a r e s p i r a t o r y  a l k a l o s i s  i s  c a u s e d  b y  t h e  
drug# Graham an d  P a r k e r  (1 9 4 8 )  had a s h o r t  t i m e  b e f o r e  
shown t h a t  t h e  h y p e r v e n t i l a t i o n  p r o d u c e d  when t h e  d r u g  
was g i v e n  i n t r a v e n o u s l y  t o  a n i m a l s  c o u l d  b e  a b o l i s h e d  
by c u t t i n g  b o t h  v a g i ;  t h i s  seemed t o  e x p l a i n  t h e  
h y p e r p n o e a  o f  s a l i c y s m  i n  man on t h e  b a s i s  o f  s t i m u la t i o n  
o f  t h e  v a g u s  n e r v e s .
The h a e m o r r h a g i c  m a n i f e s t a t i o n s  o f  s a l i c y l a t e  
p o i s o n i n g  h a v e  b e e n  s t u d i e d  more i n  r e c e n t  y e a r s ,  a l t h o u g h  
o v e r  a q u a r t e r  o f  a c e n t u r y  ago  W e tz e l  an d  H o a r s e  ( 1 9 ^ 6 )  
d e s c r i b e d  t h e  o c c u r r e n c e  o f  p u r p u r a  i n  m e t h y l  s a l i c y l a t e  
p o i s o n i n g .  They s t a t e d  t h a t  t h e  e f f e c t s  o f  t h i s  d r u g  
d i f f e r e d  f rom  t h o s e  o f  sodium s a l i c y l a t e  o n l y  i n  d e g r e e ,  
b u t  s u g g e s t e d  t h a t  w i t h  t h e  m e t h y l  compound v a s c u l a r  and  
h a e m o r r h a g i c  l e s i o n s  w e re  more p r o m i n e n t .  They d e s c r i b e  
m u l t i p l e  s u b s e r e  us h a e m o r rh a g e s  i n  t h e  h e a r t ,  l u n g s ,  b r a i n ,
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and k i d n e y s ,  and a l s o  e x t e n s i v e  s u b d u r a l  e x t r a v a s a t i o n s  
o f  b l o o d .
M a d i s s o n  ( 1 9 3 4 )  p u b l i s h e d  a r e p o r t  on t h e  h i s t o l o g i c a l  
a p p e a r a n c e s  s e e n  i n  s a l i c y l a t e  p o i s o n i n g  i n  man and 
e x p e r i m e n t a l  a n i m a l s .  He s t a t e d  t h a t  i n  t h e  a c u t e  s t a g e  
of  s a l i c y l a t e  p o i s o n i n g  e x a m i n a t i o n  r e v e a l e d  en g o rg e m en t  
o f  b lo o d  v e s s e l s  and h a e m o r r h a g e s  i n  m o s t  o r g a n s .
There  was  c l o u d y  s w e l l i n g  i n  t h e  h e a r t ,  l i v e r ,  and  k i d n e y s .  
At t h e  same t i m e  M a d is s o n  d i s c o v e r e d  t h a t  t h e  i n t e n s i t y  
o f  c h a n g e s  was l e s s e n e d  b y  t h e  a a m i n i s t r a t i o n  o f  g l u c o s e .  
O t h e r s  f o u n d  p u n c t a t e  h a e m o r r h a g e s  on a l l  s e r o u s  s u r f a c e s ,  
and i n  f a t a l  human c a s e s  h a e m o r r h a g e s  were o c c a s i o n a l l y  
found i n  t h e  g a s t r i c  and d u o d e n a l  mucosa -  s u b s t a n t i a t i n g  
th e  o b s e r v a t i o n s  o f  Q uinke  ( 1 8 8 4 ) ,  when he found  c o n g e s t i o n  
w i th  p o o r  a e r a t i o n  o f  t h e  l u n g  b a s e s  an d  s l i g h t  h a e m o r r h a g i c  
p e r i c a r d i a l  e f f u s i o n s  i n  human c a s e s .
H u r s t  and L i n t o t t  ( 1 9 3 9 )  r e p o r t e d  a number  o f  c a s e s  
o f  h a e m a t e m e s i s  a f t e r  t h e  a d m i n i s t r a t i o n  o f  a s p i r i n  t a b l e t s .  
The l o c a l  e f f e c t  was o b s e r v e d  by g a s t r o s c o p y ,  an d  t h e  
h y p e ra e m ia  and h a e m o r rh a g e  which were s e e n  were c o n s i d e r e d  
to  b e  t h e  r e s u l t  o f  an  i n c r e a s e d  s e n s i t i v i t y  t o  t h e  e f f e c t  
o f  a s p i r i n  on t h e  t i s s u e s *
M ela e n a  i s  s a i d  a l s o  t o  o c c u r  i n  a s p i r i n  t h e r a p y ,  
and S a b l e  (1 9 4 5 )  c o n s i d e r s  i t s  a e t o l o g y  t o  be i d e n t i c a l  
w i t h  t h a t  o f  h a e m a t e m e s i s .
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L i n k  ( 1 9 4 3 )  ®nd h i s  o o l l e a g u e s  mad© a s t u d y  of* th®
h a e m o r r h a g i c  t e n d e n c i e s  o b s e r v e d  d u r i n g  t h e r a p y  w i t h  
s a l i c y l a t e s  and d i c o u m a r o l .  i n  I 93I  R o d e r i c k  had  shown 
t h a t  t h e  h a e m o r r h a g i c  d i e  t h e s i s  i n  c a t t l e  known a s  
" s w e e t  c l o v e r  d i s e a s e ” was a s s o c i a t e d  w i t h  a l o w e re d  
c o n c e n t r a t i o n  o f  p r o t h r o m b i n  i n  t h e  b l o o d ,  b u t  i t  was 
n o t  u n t i l  1941 t h a t  Link* C am p b e l l  and o t h e r s  s u c c e e d e d  
in  i s o l a t i n g  t h e  r e s p o n s i b l e  a g e n t  f rom i m p r o p e r l y  c u r e d  
hay  made from t h e  sw e e t  c l o v e r s  M e l l i l o t u a  a l b a  and M. 
o f f i c i n a l i s .  The f i r s t  compound i s o l a t e d  hud t h e  
c o m p o s i t i o n  Cx^HxpGg, and was d e s c r i b e d  a s  3 , 3 ’ r n e t h y lc n e -  
b i s  ( 4 - h y d r o x y c o u m a r i n ) .  The n a t u r a l l y  o c c u r r i n g  
s u b s t a n c e  was  shown to  hav e  t h e  same e f f e c t s  a s  th® 
s y n t h e t i c  compounds.
A l k a l i n e  d e g r a d a t i o n  o f  3 , 3 '  m e t h y l e n e - b i s  
( 4 - h y d r o x y c o u m a r i n )  was c a r r i e d  o u t ,  and c l e a v a g e  o f  t h e  
C = C l i n k a g e  o f  t h e  I n t e r m e d i a t e  d ik e t e n ©  r e s u l t e d  i n  
t h e  q u a n t i t a t i v e  f o r m a t i o n  o f  s a l i c y l i c  a c i d .
L i n k  f o u n d  t h a t  d i c o u m a r o l  in  v i t r o  hod no e f f e c t  
on t h e  c l o t t i n g  p r o p e r t i e s  o f  b l o o d ,  and a l s o  t h a t  i n  
v i v o  t h e r e  was no e f f e c t  u n t i l  s e v e r a l  h o u r s  a f t e r  o r a l  
o r  i n t r a v e n o u s  a d m i n i s t r a t i o n .  He showed t h a t  when a 
s i n g l e  dose  was g i v e n ,  t h e  d r u g  d i s a p p e a r e d  f ro m  th® b lo o d  
s t r e a m  b e f o r e  h y p e r p r o t h r o m b i n a eml a  c o u ld  b e  d e t e c t e d ;  
f rom t h i s  he d e d u c e d  t h a t  d i c o u m a r o l  was a l t e r e d  i n  th© 
body b e f o r e  p r o t h r o m b i n  or  i t s  s y n t h e s i s  was a f f e c t e d .
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A f u r t h e r  s e r i e s  o f  c h e m i c a l  d e g r a d a t i o n ®  w ts c a r r ie d  
o u t ,  and  t h e  p r o d u c t s  s u b j e c t e d  t o  p h y s i o l o g i c a l  and 
c h e m i c a l  t e s t s *  L i n k  f o u n d  t h a t  o n ly  t h e s e  compounds 
w h ich  m ig h t  t h e o r e t i c a l l y  y i e l d  s a l i c y l i c  a c i d  o r  © r t h e -  
h y d r o x y - b e n s o i c  a c i d  on d e g r a d a t i o n  p o s s e s s e d  a n t i ­
c o a g u l a n t  a c t i v i t y .  He showed a l s o  t h a t  when s a l i c y l i c  
a c i a  was g i v e n  t o  r a b b i t s  o r  r a t®  w hich  had b e e n  f i d  on 
a d i e t  p o o r  i n  v i t a m i n  K, t h e  b l o o d  p r o t h r o m b i n  c o n t e n t  
was l o w e r e d ,  and when t h e  d r u g  we® a d m i n i s t e r e d  f o r  
p e r i o d s  o f  o v e r  tw en ty  d a y s ,  h a e m o r rh a g e  w h ich  wa® 
f r e q u e n t l y  f a t a l  e n s u e d .  I t  we® a l s o  shown t h a t  t h e  
maximum e f f e c t  o f  a © in g le  d o se  o f  s a l i c y l a t e  o c c u r r e d  
t w e l v e  h o u r s  a f t e r  s d m l n i s t r a t i o n ,  end t h a t  th® b l e e d  
p r o t h r o m b i n  c o n c e n t r a t i o n  had  r e t u r n e d  t o  n o rm a l  a f t e r  
tw e n ty  h o u r s#  when v i t a m i n  K, wag a d m i n i s t e r e d  a l o n g  
w i t h  t h e  s a l i c y l a t e ,  no haem orrhage®  were  ©b®®rved#
A s h w o r th  and MeKemie ( 1 9 4 4 )  s t a t e d  t h a t  i n  i a l i s y l a t e  
p o i s o n i n g ,  d e a t h  c o u l d  o c c u r  a s  a r e s u l t  o f  a h a e f f l o r r h i g i c  
e n c e p h a l i t i s ,  and t h e y  d e s c r i b e d  two f a t a l  cage®#
S h a p i r o ,  R e d i s h ,  and Campbell (X943) confirm®^
L i n k ' s  o b s e r v a t i o n  t h a t  s a l i c y l a t e  c o u l d  cau®e © d e p r e s s i o n  
o f  t h e  p r o t h r o m b i n  c o n c e n t r a t i o n  i n  t h e  b l o o c ,  an d  
showed t h a t  t h e  a d m i n i s t r a t i o n  o f  s i x  gram® o f  s s p i r i n  
d a i l y  a l o n g  w i t h  tC  mg* v i ta® : in  & by m outh  onh 6 J®|> 
i n t r a v e n o u s l y  d id  n o t  c a u s e  h y p o - p r o t i a r e ? i b i n h e » i f # 
b h a p i r o  r e f e r r e d  t o  t h e  o b s e r v a t i o n  o f
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McDonald (1 9 4 3 )  t h a t  v i t a m i n  K i n  c l i n i c a l  d o l e s  d i d
n o t  r e v e r e ©  o r  p r e v e n t  t h e  e f f e c t s  o f  d i c o u m a r o l  on 
p r o t h r o m b i n  c o n c e n t r a t i o n  o r  t h e  c o a g u l a t i o n  o f  t h e  
b l o o d ,  and c o n c l u d e d  t h s t  t h e r e  was l i t t l e  r e a s o n  t o  
e x p e c t  a d i f f e r e n t  r e s p o n s e  when t h e  I n c r e a s e  i n  th© 
p r o t h r o m b i n  t i m e  was t h e  r e s u l t  o f  s a l i c y l a t e  t h e r a p y *  
R hoads  (1 9 4 3 )  a l l e g e d  a l s o  t h s t  v i t a m i n  K was 
i n e f f e c t i v e  i n  c o n t r o l l i n g  p r o l o n g e d  p r o t h r o m b i n  t i m e s ,  
b u t  l a t e r  D a v id s o n  (1 9 4 3 )  showed t h a t  d i c o u m a r o l  in  
a d o s e  o f  0*5 t o  1 gram w©@ e f f e c t i v e l y  " n e u t r a l i s e d ” 
by  180 -  4 5 0  mg* v i t a m i n  E, and t h a t  t h e r e  were no 
t o x i c  e f f e c t s .
S h a p i r o  (1 9 4 3 )  fo u n d  some e v i d e n c e  t h a t  d i c o u m s r e l  
and s a l i c y l a t e s  were c u m u l a t i v e  i n  t h e i r  e f f e c t  w i t h  
r e g a r d  t o  t h e  d e p r e s s i o n  o f  p r o t h r o m b i n  c o n c e n t r a t i o n *  
M ey e r  and  Howard (1 9 4 3 )  d e s c r i b e d  th© e f f e c t  o f  
d a i l y  a d m i n i s t r a t i o n  o f  5*3  grsm® a s p i r i n  t o  t h i r t e e n  
c a s e s*  They found  t n a t  t h e  p r o t h r o m b i n  l e v e l  f e l l  t© 
50  p e r  c e n t  o f  n o rm a l  i n  3~4 d a y s ,  and t n a t  t h e r e  wee 
a r e l a t i v e  p r o l o n g a t i o n  o f  t h e  b l o o d  c o a g u l a t i o n  t im e*  
Normal  v a l u e s  w ere  o b t a i n e d  a g a i n  2~4 d a y s  a f t e r  t h e  
a s p i r i n  t h e r a p y  was s to p p ed *  S i m i l a r  r e s u l t ©  w©r© 
o b t a i n e d  when sod ium  s a l i c y l a t e  wag u®ed# 6 mg* 
v i t a m i n  K p e r  day  d i d  n o t  c o r r e c t  th© d e p r e s s i o n  o f  
t h e  p r o t h r o m b i n  c o n c e n t r a t i o n .
-  17
R a p o p o r t  and  Q u e s t  ( 1943 ) confirm ed  Meyer *atf, Howard* § 
f i n d i n g s .  when c h i l d r e n  aged  s i x  t o  f o u r t e e n  y e a r s  
r e c e i v e d  f rom 1*5 t o  8 g r sm s  sodium s a l i c y l a t e  or a s p i r i n  
d a i l y ,  t h e  p r o t h r o m b i n  c o n c e n t r a t i o n  i n  t h e  b l o o d  was 
o b s e r v e d  t o  f a l l  to  50  p er  c e n t  o f  no rm a l  i n  t h o s e  
i n d i v i d u a l s  r e c e i v i n g  s i x  t o  e i g h t  g rams s a l i c y l a t e  per  
day .  F a s h e n a  and wal icer  ( 1 9 4 4 )  c a r r i e d  o u t  s i m i l a r  
e x p e r i m e n t s ,  and o b t a i n e d  s i m i l a r  r e s u l t s #
S h a p i r o  (1 9 4 4 )  s t u d i e d  t h e  e f f e c t  o f  v i t a m i n  & 
a d m i n i s t r a t i o n  i n  p r e v e n t i n g  h y p o p ro th ro f f lb in aem ia  i n  
p a t i e n t s  r e c e i v i n g  s a l i c y l a t e  t h e r a p y  o v e r  l o n g  p e r i o d s .  
T h i r t e e n  c a s e s  w e r e  o b s e r v e d .  The p r o t h r o m b i n  t i n e a  
were p r o l o n g e d  by  t h e  t m r d  t o  t h e  f i f t h  d ay  a f t e r  t h e  
s a l i c y l a t e  t h e r a p y  had  been  b e g u n .  One c a s e  had  a c u t e  
r h e u m a t i c  c a r d i t i s ;  t h e  p r o t h r o m b i n  t i m e  became 
p r o lo n g e d  on t h e  s e c o n d  day  o f  s a l i c y l a t e  t h e r a p y *  end  , 
t h e  d r u g  was s to p p e d  on t h e  f i f t h  d a y .  The p r o t h r o m b i n  
t im e ,  h o w e v e r ,  r e m a in e d  a b n o r m a l l y  l o n g  even  a f t e r  6#5 mg* 
v i t a m i n  K had  b e e n  g i v e n  f o r  t h r e e  d a y s .  N e v e r t h e l e s s ,  
s a l i c y l a t e  was r e c o m m e n c e d  two d a y s  l a t e r ,  a l o n g  w i t h  
9 mg. v i t a m i n  K- For  t h e  f i r s t  s i x  ctays t h e r e a f t e r  t h e r e  
was c o m p le t e  p r o t e c t i o n  a g a i n s t  hypoprothroff ib inaeff i ia*  
t h e n  a g r a d u a l  i n c r e a s e  i n  t h e  p r o t h r o m b i n  t im e  was f o u n d  
in  s p i t e  o f  t h e  v i t a m i n  K a d m i n i s t r a t i o n .  Cn t h e  
s e v e n t e e n t h  d a y ,  4 (jg mg. a s c o r b i c  a c i d  were g i v e n  i n t r a ^  
v e n o u s l y  and r e p e a t e d  on t h e  n e x t  t h r e e  d a y s .  The
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p r o t h r o m b i n  t i m e  f e l l  e l m o i t  t o  normal* When t h e  i g e o r h i e  
a c i d  t r e a t m e n t  w©@ s t o p p e d ,  th e  p r o t h r o m b i n  t i m e  a g a i n  r o s e *  
S h a p i r o  su m m ar ised  t h e  l e s s o n a  f rom  then©  r e a u l t i  t h u s*  
The p r o t h r o m b i n  t i m e  s h o u l d  be d e t e r m i n e d  r e g u l a r l y  
t h r o u g h o u t  e a l i e y l e t ©  t h e r a p y .  1 mg* v i t a m i n  K w i l l  
p r o t e c t  t h e  b ody  a g a i n s t  t h e  p r o th r o m b i n o a e m i d  e f f e o t a  o f  
1 gram o f  a s p i r i n .  I f  o t h e r  f a c t o r s  a r e  p r e s e n t  w h ich  
t en d  t o  l o w e r  t h e  v i t a m i n  C c o n t e n t  o f  t h e  b lo o d  ( aueh  s a  
f e v e r ,  s t a r v a t i o n )  a s c o r b i c  a c i d  s h o u ld  be a d m i n i s t e r e d  i n  
a d d i t i o n  t o  v i t a m i n  K.
R i c h a r d s  and  O o r t e l l  (194*0 o b s e r v e d  t h a t  when 
d i c o u m a r o l  was a d m i n i s t e r e d  t o  s c o r b u t i c  and h e a l t h y  g u in e a  
p i g s ,  t h e  s c o r b u t i c  a n i m a l s  w e re  t h e  f i r s t  t o  d i e ,  and 
h i s t o l o g i c a l  e x a m i n a t i o n  o f  t h e i r  l i v e r s  showed f a t t y  
d e g e n e r a t i o n .
Overman,  s t a h m a n ,  and  L i n k  (1 9 4 2 )  showed t h a t  f e e d i n g1CL
a l a  I f  a h ay  t o  r a b b i t s  p r o t e c t e d  them a g a i n s t  t h e
A
a n t i c o a g u l a n t  e f f e c t  o f  d i c o u m a r o l .  V i t a m i n  0 i n  h i g h  
d osage  g i v e n  a l o n g  w i t h  v i t a m i n  K r e d u c e d  o r  p r e t e s t e d  
c o m p l e t e l y  a g a i n s t  t h e  e f f e c t s  o f  d i c o u m a r o l ,  and V i t i f f l in  
G a l o n e  was a b l e  t o  p r e v e n t  so  i n c r e a s e  i n  t h e  p r e th r e f f lb in  
t im e  i n  some b u t  n o t  a l l  t h e i r  e x p e r i m e n t a l  a alma I s .
They commented t h a t  d i c o u m a r o l  may u p s e t  v i t a m i n  0 and 
v i t a m i n  K m e t a b o l i s m ,  ana  compared  t h e  p a t h o l o g i c a l  l e s i o n s
i n  d e f i c i e n c y  d i s e a s e s  a s s o c i a t e d  w i t h  a l a c k  o f  v i t a m i n  
G and v i t a m i n  K w i t h  t h e  l e s i o n s  f o u n d  i n  c a s e s  t r e a t e d
-  19 -
w i t h  e x c e s s i v e  a m o u n t s  o f  d i c o u m a r o l -  The s m a l l  a m o u n t  
o f  d i c o u m a r o l  w h ich  o f t e n  c a u s e s  a r i s e  i n  p r o t h r o m b i n  
t i m e  s u g g e s t e d  t h a t  i t s  a c t i o n  i s  due to  a b l o c k i n g  o f  
an enzyme s y s t e m ,  p r o b a b l y  i n  t h e  l i v e r .  The i n a c t i v a t i o n  
o f  en zy m es  by s u b s t a n c e s  s t r u c t u r a l l y  r e l a t e d  t o  t h e i r  
s u b s t r a t e s ,  t h e  s t r u c t u r a l  s i m i l a r i t y  o f  d i c o u m a r o l  t o  
s u b s t a n c e s  w h ic h  p o s s e s s  an  a c t i v i t y  s i m i l a r  t o  t h a t  o f  
v i t a m i n  K, a n d  t h e  a n t a g o n i s t i c  a c t i o n  o f  v i t a m i n  K t o  
d i c o u m a r o l  l e n d  s u p p o r t  t o  t h e  t h e o r y  t h a t  v i t a m i n  K a n d  
d i c o u m a r o l  a c t  t h r o u g h  a common s y s t e m .
T o m a s z e w s k i  ( 1 9 3 9 )  and C am p a i ra  ( 1 9 4 1 )  r e p o r t e d  an 
a p p a r e n t  p h y s i o l o g i c a l  r e l a t i o n s h i p  b e t w e e n  v i t a m i n  K and 
a s c o r b i c  a c i d .
S i n c e  an  i n t e r f e r e n c e  w i t h  c e r t a i n  enzym es  h a s  b e e n  
c o n n e c t e d  w i t h  t h e  a c t i o n  o f  d i c o u m a r o l ,  i t  would n o t  be  
s u r p r i s i n g  i f  s a l i c y l a t e s  p l a y e d  a s i m i l a r  r o l e .  The 
a n t a g o n i s m  b e tw e e n  t h e  s u lp h o n a m i d e s  and  p - a m i n o b e n z o i c  
a c i d  i s  now g e n e r a l l y  a c c e p t e d .  I t  i s  b e l i e v e d  t h a t  
t h e  c o m b i n a t i o n  o f  an  enzyme w i t h  p - a m i n o b e n z o i c  a c i d  i s  
b l o c k e d  b y  s u lp h o n a m i d e -  i v a n o w i e s  ( 1 9 4 ^ )  p o i n t e d  o u t  
a s i m i l a r  a n t a g o n i s m  b e t w e e n  s a l i c y l a t e  a n d  p a n t o t h e n a t e ,  
and  showed t h a t  t h e  g ro w th  of' s t a p h y l o c o c c u s  a u r e u s  an d  
B. c o l i  w h ic h  s y n t h e s i z e  p a n t o t h e n a t e  was p r e v e n t e d  by  
M /1 0 0 0  s a l i c y l a t e .  T h i s  a c t i o n  c o u l d  be  c o u n t e r a c t e d  
by a d d i n g  p a n t o t h e n a t e  to  t h e  medium. E u l e r  an d  
^ h l s t r o m  ( 1 9 4 3 )  made f u r t h e r  o b s e r v a t i o n s  on t h e  e f f e c t
-  20  -
o f  so d iu m  s a l i c y l a t e  on enzyme s y s t e m s ,  and Lutw ak-m ann 
( I 924.2 ) d e m o n s t r a t e d  t h e  p r o f o u n d  e f f e c t  o f  s a l i c y l a t e  on 
t h e  enzyme s y s t e m  o f  l i v i n g  a n i m a l s .  He showed t h a t  
l i v e r  g l y c o g e n  d i s a p p e a r e d  a f t e r  th e  i n t r a v e n o u s  
a d m i n i s t r a t i o n  o f  s a l i c y l a t e ,  and t h a t  i n  t w e n t y f o u r  
h o u r s  n o rm a l  c o n d i t i o n s  had b e e n  r e s t o r e d .  The o x i d a t i o n  
o f  d i h y d r o x y a c e t o n e  by l i v e r  s l i c e s  f rom  r a t s  s u f f e r i n g  
from v i t a m i n  B-l d e f i c i e n c y  was d i m i n i s h e d  by  t h e  p r e s e n c e  
o f  s a l i c y l a t e ,  a l t h o u g h  t h e  d i s m u t a t i o n  o f  h e x o s e - p h o s p h a t e  
was n o t  a f f e c t e d .  T h e se  o b s e r v a t i o n s  s u g g e s t  t h a t  t h e  
s a l i c y l a t e  i o n  i s  a b a c t e r i a l  i n h i b i t o r  i n  a non s p e c i f i c  
manner ,  and t h a t  i t  i s  a l s o  an  enzyme i n h i b i t o r .  T h i s  
e f f e c t  on t h e  enzyme s y s t e m  may be  a s s o c i a t e d  w i t h  t h e  
f a c t  t h a t  an  a d v e r s e  e f f e c t  on t h e  bone  marrow h a s  b e e n  
a s c r i b e d  t o  s a l i c y l a t e s .  Hawkinson  and K e r r  (1 9 4 3 )  
r e p o r t e d  a c a s e  o f  a g r a n u l o c y t i c  anaem ia  and  s t a p h y l o c o c c a l  
s e p t i c a e m i a  a f t e r  2 .7  t o  4*0 gram s a s p i r i n  d a i l y  f o r  
s e v e r a l  y e a r s .  The c a s e  had  r e c e i v e d  s c a r l e t  f e v e r  
t o x o i d  f o l l o w e d  by a s e v e r e  r e a c t i o n  s h o r t l y  b e f o r e  d e a t h ,  
b u t  t h e y  c o n s i d e r e d  t h a t  t h e  p r o l o n g e d  a d m i n i s t r a t i o n  o f  
s a l i c y l a t e  was t h e  c a u s e  o f  d e a t h .
S i n c e  Coburn (1 9 4 3 )  s u g g e s t e d  t h a t  a h i g h  c o n c e n t r a t i o n  
o f  s a l i c y l a t e  i n  t h e  b l o o d  -  a b o u t  370 m ic ro g ra m s  p e r  
m i l l i t r e  -  was i m p o r t a n t  i n  r h e u m a t i c  f e v e r  t o  a v o i d  c a r d i a c  
c o m p l i c a t i o n s ,  much work h a s  b e e n  c a r r i e d  o u t  t o  a s s e s s  t h e  
v a l u e  o f  t h i s  t r e a t m e n t ,  and  a c a r e f u l  s t u d y  o f  t h e  t o x i c
-  2 1  -
s i g n s  h a s  b e e n  made*
K e i t h  ( 1 % 5 )  fo u n d  t h a t  n a u s e a ,  v o m i t i n g ,  and 
t i n n i t u s  w e re  more  f r e q u e n t  a t  t h e  b e g i n n i n g  o f  t h e r a p y .  
He se ldom  f o u n d  i t  n e c e s s a r y  t o  s t o p  t r e a t m e n t  a l t h o u g h  
h i s  d o s a g e  r a n g e d  a r o u n d  I 50 t o  2 0 0  g r a i n s  d a i l y  w i t h  an 
a v e r a g e  b l o o d  l e v e l  o f  270/ 3 IO m ic ro g ra m s  p e r  m i l l i l i t r e .  
These  l e v e l s  w ere  l e s s  t h a n  t h o s e  a d v o c a t e d  by Coburn i n  
1943> a nd t h e  s a l i c y l a t e  d o s a g e  was a l s o  l o w e r .  K e i t h  
s t a t e d  t h a t  no r e n a l  damage was e v i d e n t ,  b u t  t h r e e  c a s e s  
d e v e lo p e d  s e v e r e  h y p e r p n o e a ,  one became c o m a to s e ,  and 
one d e v e l o p e d  a c n e .  A l l  t h e s e  symptoms s u b s i d e d  on 
c e s s a t i o n  o f  t h e r a p y .  A l t h o u g h  sodium b i c a r b o n a t e  was 
a l s o  g i v e n  i n  t h e s e  c a s e s ,  he  f o u n d  t h a t  t h e  same o r  
h i g h e r  b l o o d  s a l i c y l a t e  l e v e l s  c o u l d  be  a t t a i n e d  on a 
dosage o f  5 t o  10 grams sodium s a l i c y l a t e  a l o p e  a s  were  
r e ac h ed  when lo  t o  13 grams s a l i c y l a t e  w ere  g i v e n  a l o n g  
w i th  e q u a l  am o u n ts  o f  sodium b i c a r b o n a t e *  The r e d u c t i o n  
in  b lo o d  s a l i c y l a t e  l e v e l  b r o u g h t  a b o u t  b y  t h e  a d d i t i o n  
o f  sodium b i c a r b o n a t e  t o  th e  t h e r a p e u t i c  r e g im e  d i d  n o t  
compare w i t h  t h e  50 p e r  c e n t  r e d u c t i o n  d e s c r i b e d  by 
Smul l ( I 9 4 4 ) .
S t u d i e s  o f  t h e  e f f e c t  o f  t r e a t m e n t  w i t h  sod ium 
b i c a r b o n a t e  and sodium s a l i c y l a t e  i n  r h e u m a t i c  f e v e r  were  
r e p o r t e d  a l s o  b y  B u t t  ( 1 9 4 5 ) .  T h i s  w o r k e r  r e p o r t e d  
t h a t  t h e r e  w as  a f a l l  i n  t h e  p r o t h r o m b i n  l e v e l ,  b u t  he 
o b s e rv e d  no h a e m o r r h a g e s ,  no e f f e c t  on l i v e r  f u n c t i o n ,
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nor  any e v i d e n c e  o f  r e n a l  i n j u r y .  P r o l o n g e d  h i g h  d o s a g e  
caused  t h e  h a e m o g l o b i n  and  r e d  c e l l  c o u n t  t o  f a l l ,  b u t  
t h e  t o t a l  and d i f f e r e n t i a l  w h i t e  c e l l  c o u n t s  r e m a in e d  
u n a l t e r e d .
Coombs (1 9 4 5 )  and o t h e r s  t r e a t e d  e i g h t y f o u r  c a s e s  
o f  r h e u m a t i c  f e v e r  w i t h  t e n  t o  s i x t e e n  grams o f  sodium 
s a l i c y l a t e  d a i l y ,  and f o u n d  t h a t  when b l o o d  s a l i c y l a t e  
l e v e l s  were m a i n t a i n e d  a t  o v e r  30C m ic ro g r a m s  p e r  
m i l l i l i t r e ,  t h e  i n c i d e n c e  o f  t o x i c  m a n i f e s t a t i o n s  was 
in c rea . s e d .  They o b s e r v e d  a l s o  a t e n d e n c y  f o r  t h e  b l o o d  
pH and b l o o d  c h l o r i d e  t o  r i s e ,  w h i l e  a t  t h e  same t im e  
t h e r e  was a n  i n c r e a s e d  l o s s  o f  sodium i n  t h e  u r i n e ,  and 
a r e t e n t i o n  o f  w a t e r  i n  t h e  b o d y .  They c o n c l u d e d  t h a t  
s a l i c y l a t e  had  a d i r e c t  i r r i t a t i v e  e f f e c t  on t h e  
r e s p i r a t o r y  c e n t r e  and t h a t  t h e  s i g n s  o f  a l k a l o s i s  were  
secondary  t o  t h i s ,  and s u g g e s t e d  a l s o  t h a t  t h e  
a d m i n i s t r a t i o n  o f  sodium b i c a r b o n a t e  a l o n g  w i t h  s a l i c y l a t e  
tended t o  l o w e r  t h e  c o n c e n t r a t i o n  o f  t h e  l a t t e r  i n  t h e  
b lood .  They d e n i e d  t h a t  t h e  p r o t h r o m b i n  c o n c e n t r a t i o n  
was a f f e c t e d  e v e n  w i t h  serum s a l i c y l a t e  l e v e l s  
e x c e e d in g  350 m ic r o g r a m s  p e r  m i l l i l i t r e .
I n  an  a t t e m p t  t o  c o r r e l a t e  t h e  d i v e r g e n t  o p i n i o n s  
e x p r e s s e d ,  S a b l e  (1 9 4 5 )  r e v i e w e d  t h e  l i t e r a t u r e ,  and from 
h i s  s t u d i e s  c o n c l u d e d  t h a t  more c o n t r o l l e d  i n v e s t i g a t i o n s
~  2 3 . -
were  r e q u i r e d  by  t h o s e  a w a re  o f  t h e  many a s p e c t s  o f  t h e  
p r o b l e m ,  and t h a t  t h e r e  w a s  need f o r  a b e t t e r  u n d e r s t a n d i n g  
o f  t h e s e  commonly u se d  d r u g s .
Rev iew  o f  C a s e s  o f  P o i s o n i n g  by s a l i c y l a t e  f rom 1 8 8 2 .
Quinke  (1 8 8 2 )  d e s c r i b e d  a c a s e  i n  a g i r l  ag ed  17 y e a r s  
s u f f e r i n g  from rh e u m a t i s m  o f  l o n g  s t a n d i n g  who d i e d  a f t e r  
r e c e i v i n g  34 g ram s  o f  sodium s a l i c y l a t e  i n  t h r e e  d a y s .
Langmead ( 1 906) r e p o r t e d  a c a s e  i n  a f i v e  y e a r  o l d  
boy  s u f f e r i n g  from r h e u m a t i c  e n d o c a r d i t i s  who was g i v e n  
ICC gram s  i n  e l e v e n  w eeks .
B a l a z s  (1 9 3 0 )  r e v i e w e d  a l l  t h e  c a s e s  o f  a t t e m p t e d  
s u i c i d e  w i t h  a s p i r i n  i n  B u d a p e s t .  Only f o u r  w e r e  f a t a l ,  
and  o f  t h e s e  one had  consumed 2q g ram s;  t h e  o t h e r s  had  
t a k e n  b e tw e e n  3c  and 40 g ra m s .  I n  a l l  t h e  e s s e s ,  t h e  
q u a n t i t y  t a k e n  r a n g e d  from 5 t o  95 g ram s
Dyke (1 9 3 5 )  and r s i s s e a u  ( 1 9 3 4 )  and o t h e r s  d e s c r i b e d  
o t h e r  c a s e s ,  and  i n  t h e  o s n e e t ,  I 935 ( O e p t .  14t h )  t h e r e  
a p p e a r e d  an  a r t i c l e  on t h e  d a n g e r s  o f  u n c o n t r o l l e d  t h e r a p y  
w i t h  a s p i r i n .  D yke’ s c a s e  was  t h a t  o f  a g i r l  who 
sw a l low ed  4 5 0  g r a i n s  o f  a s p i r i n  i n  a s i n g l e  d o s e .  bhe 
s u f f e r e d  from n a u s e a  2 nd h i c c o u g h  and  l a t e r  became 
s t u p e r o s e  w i t h  symptoms o f  c e r e b r a l  i r r i t a t i o n .  s h e  w a s  
t r e a t e d  w i t h  a b u n d a n t  f l u i d s ,  g l u c o s e  i n t  r a v e  no u s \ j , and 
lum bar  p u n c t u r e ,  and hb de  a c o m p l e t e  r e c o v e r y .
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N e a l e  (1936)  r e p o r t e d  f o u r  f a t a l  c a s e s  i n  m a l e s .
One c a s e  had  r e c e i v e d  750 g r a i n s ,  and two had t a k e n  1 ,0 0 0  
g r a i n s .  Symptoms o f  i n t o x i c a t i o n  were  d e l a y e d  f o r  
s e v e r a l  h o u r s ,  a n d  b e g a n  w i t h  e v i d e n c e  o f  g a s t r o - i n t e s t i n a l  
i r r i t a t i o n ,  b u t  s i g n s  o f  i n v o l v e m e n t  o f  t h e  c e n t r a l  
n e r v o u s  sys tem  ^ e r e  more p r o m i n e n t  and  r e a c h e d  a maximum 
i n  t w e l v e  h o u r s .  . A f e m a l e  c a s e ,  aged  5 2 ,  had  r e c e i v e d  
500 g r a i n s  o f  a s p i r i n .  The r o u t i n e  t r e a t m e n t  o f  g a s t r i c  
l a v a g e  w i t h  d i l u t e  sodium b i c a r b o n a t e  s o l u t i o n  was  
i n i t i a t e d ,  b u t  no improvem ent  s e t  i n  u n t i l  lu m b ar  p u n c t u r e  
was pe r fo r m e d  and 3 0  m l .  f l u i d  were  w i t h d r a w n .
R e c o v e ry  s e t  i n  a l m o s t  a t  o n c e ,  an d  was c o m p l e t e .  N e a l e  
o b s e r v e d  t h a t  w i t h o u t  lu m b a r  p u n c t u r e  r e c o v e r y  was u n l i k e l y  
i n  s e r i o u s  i n t o x i c a t i o n .
Andrews (1938)  r e p o r t e d  two c a s e s ,  b o t h  o f  w h ich  
r e c o v e r e d  a f t e r  i n g e s t i n g  625 g r a i n s .
Evans  (1 9 3 8 )  a l s o  d e s c r i b e d  a c a s e  w/ith r e c o v e r y  a f t e r  
1 , 5 0 0  g r a i n s .  H i s  p a t i e n t  s u f f e r e d  f rom  e m e s i s ,  and  t h i s  
may h a v e  c o n t r i b u t e d  t o  h i s  r e c o v e ry *
S e l l  (1939)  r e p o r t e d  p o i s o n i n g  i n  a boy, aged 8 , who 
had  b e e n  g i v e n  10 g r a i n s  sodium s a l i c y l a t e  w i t h  10 g r a i n s  
sodium b i c a r b o n a t e  f o u r  t i m e s  a d a y .  When 190 g r a i n s  
had  b e e n  g i v e n ,  h y p e r p n o e a  was m a rk e d ,  t h e r e  w a s  t a c h y c a r d i a  
and p r o f u s e  s w e a t i n g ,  and f r e q u e n t  v o m i t i n g .  A bdom ina l  
p a i n  d e v e l o p e d  and t h e  p a t i e n t  u l t i m a t e l y  became d e l i r i o u s .  
R e c o v e r y  s e t  i n  a f t e r  t h e  a d m i n i s t r a t i o n  o f  g l u c o s e  and
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sodium b ic a r b o n a te  i n t r a v e n o u s ly .
Oakley and D o n n e l l  (1 9 4 2 )  r e p o r te d  a c a s e  which  
r e c o v e r e d  a f t e r  65 g r a i n s .
C h a r te r s  (1944) d e s c r ib e d  s a l i c y l a t e  p o i s o n in g  i n  
a woman who r e c o v e r e d  a f t e r  750  g r a in s .  Lumbar p u n ctu re
was not p erform ed , b u t  C h a r te r s  gave i n s u l i n  and g lu c o s e
to  a b o l i s h  k e t o s i s  and c o u n te r a c t  any t o x i c  h e p a t i t i s .
A s h w o r th  and McKerni e  ( 19 4 4 ) d e s c r i b e d  two d e a t h s  
from e n c e p h a l i t i s  a f t e r  l a r g e  d o s e s  o f  s a l i c y l a t e *
F a t a l i t i e s  from s a l i c y l a t e  p o i s o n i n g  do no t  c o n s t i t u t e
a l a r g e  p r o p o r t i o n  o f  t h e  t o t a l  number o f  d e a t h s
r e g i s t e r e d  a n n u a l l y  i n  t h i s  c o u n t r y ,  b u t  t h a t  t h e  t o l l  
o f  l i f e  t a k e n  y e a r l y  by t h e s e  compounds i s  no t  
d i m i n i s h i n g  i s  shown by t h e  f o l l o w i n g  t a b l e s ,  c o m p i l e d  
from i n f o r m a t i o n  s u p p l i e d  by t h e  R e g i s t r a r - G e n e r a l  f o r  
S c o t l a n d  (1 9 5 3 )  and t h e  R e g i s t r a r - G e n e r a l  f o r  E n g la n d  
and w a l e s  (1 9 4 6 ,  1947, 1948, 1949 , 1 9 5 0 . ) -
- 2 6  -
.TABLE I
D e a t h s from A s p i r i n and S a l i c y l a t e  p o i s o n i n g ,  1944-1951*
S c o t l a n d .
T o t a l . A c c i d e n t a l .
Y e a r . A s p i r i n - O t h e r  S a l i c y l a t e s . B o t h  s e x e s ,  
a l l
T o t a l
M a le . Fem ale M a le . F e m a le . s a l i c y l a t e s * Dea t h s
1944 2 1 _ — 1 3
1945 1 1 1 1 3 4
1946 2 3 - 1 4 6
1947 3 3 - - 2 6
1948 4 3 1 - 4 8
1949 - 1 1 2 3 4
1950 4 2 5 1 6 12
1951 2 _ — 1 2 2
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TABLE I I
D e a th s  from A s p ir in  and S a l i c y l a t e s ,  1 9 4 4 -1 9 5 0 *
England & w a le s a
A c c i d e n t a l .
Y ear. A s p ir in . O th er  S a l i c y l a t e s . Both s e x e s , T o t a l
a l l
M ale . Fema l e . M a le . F em ale . s a l i c y l a t e s . D eaths
1944 14 30 n i l n i l 16 44
1945 20 33 n i l n i l 25 53
1946 2© 51 2 n i l 20 73
1947 42 61 1 n i l 22 104
1948 56 101 3 3 3* I 63
1949 51 82 1 1 27 135
A s p ir in  and S a l i c y l a t e s .
M ale . Pemale •
1950 56 92 31 148
A s p i r i n ,  b e in g  the s a l i c y i a t e  compound most r e a d i l y  
a c c e s s i b l e  to  t h e  la y  p u b l i c ,  was r e s p o n s i b l e  f o r  most
d e a t h s ,  and  a c c i d e n t a l  p o i s o n i n g  was  r e s p o n s i b l e  f o r  o n ly  
a m i n o r i t y  o f  t h e  f a t a l i t i e s .  N e v e r t h e l e s s  th e  f i g u r e s  
s e r v e  t o  r e mi nd  us  t h a t  t h e  compounds a r e  p o t e n t i a l  p o i s o n s
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ana t h a t  th e y  sh o u ld  not b e  p r e s c r ib e d  i n  a c a s u a l  f a s h i o n ,  
but used w i t h  d i s c r i m i n a t i o n  and w ith  due reg a rd  t o  t h e i r  
t o x i c  p r o p e r t i e s .
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CHAPTER I I ,
PHARMACOLOGY OF SODIUM SALICYLATE.,
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CHAPTER I I  
Pharm acology o f  Sodium S a l i c y l a t e
Hi s t p r i c a l .
The a n t i p y r e t i c  a c t i o n  o f  a d e c o c t io n  o f  t h e  hark  
o f  th e  w i l lo w  t r e e  has been  known to  th e  H o t t e n t o t s  f o r  
c e n t u r i e s ,  but i t  was not u n t i l  1874 t h a t  M aclagan  
in tr o d u c e d  s a l i c i n  t o  t h i s  co u n try  a s  a s p e c i f i c  remedy 
f o r  a c u t e  rheumatism* Leroux had d is c o v e r e d  t h e  
p r e se n c e  o f  the g l y c o s i d e  s a l i c i n  i n  w il lo w  bark i n  18 2 7 , 
and showed th a t  on h y d r o ly s i s  i t  y i e l d e d  an a lc o h o l*  
E lev en  y e a r s  l a t e r ,  P i r i a  prepared s a l i c y l i c  a c i d  from 
s a l i c i n ,  and in  1844 C alcou rs  made i t  from o i l  o f  
g a u l th e r ia  ( w in t e r g r e e n ) .  A l l  t h e s e  m ethods, how ever,  
were r e l a t i v e l y  e x p e n s iv e ,  but when i n  i 860  th e  o r g a n ic  
ch em ist  Kolbe s y n t h e s iz e d  s a l i c y l i c  a c id  from p h e n o l ,  
th e  drug became much cheaper and i t s  use a s  a f e b r i f u g e  
soon became p op u lar . I t s  v a lu e  i n  rheum atic  f e v e r  was 
d isc o v e r e d  in  1876  by S t r i e k e r ,  s h o r t l y  a f t e r  M aclagan*s  
in t r o d u c t io n  o f  s a l i c i n *  i n  1899 Dremer s y n t h e s iz e d  
th e  a c e t y l  d e r i v i t i v e  o f  s a l i c y l i c  a c id ,  which r a p id ly  
became pop u lar  a s  an a n a l g e s i c  and a n t i p y r e t i c  under 
t h e  name **a s p i r i n ” -
-  31 -
C h e m ic a l  c o n s t i t u t i o n  o f  t h e  S a l i c y l a t e s .
cOOti cooti
OCO-CHs
S a l i c y l i c  a c i d  
( o - h y d r o x y  b e n z o i c  
a c i d )
Sodium s a l i c y l a t e  A c e t y l
s a l i c y l i c
a c i d
tootWb
OH
M e t h y l  s a l i c y l a t e .  .
The s t r u c t u r a l  f o r m u l a e  o f  t h e  compounds commonly u s e d  i n  
t h e r a p e u t i c s  show t h e i r  r e l a t i o n s h i p  t o  s a l i c y l i c  a c i d  and 
t o  one a n o t h e r .  The sod ium  s a l t  and  t h e  m eth y l e s t e r  a r e  
formed by r e p l a c e m e n t  o f  t h e  " a c i d i c ” h y d r o g e n  o f  th e  
c a r b o x y l i c  g r o u p ;  a s p i r i n  i s  t h e  compound form ed  by  
s u b s t i t u t i o n  i n  t h e  h y d r o x y l  g r o u p .
P h a r m a c o l o g i c a l  and P h y s i o l o g i c a l  A c t i o n s .
B a r b o u r  an d  Y/ing (1 9 1 3 )  a p p l i e d  sodium s a l i c y l a t e  t o  
t h e  c o r p u s  s t r i a t i u m  i n  t h e  e x p e r i m e n t a l  a n i m a l ,  and 
o b s e r v e d  t h a t  a f a l l  i n  body t e m p e r a t u r e  r e s u l t e d .  The 
v a l u e  o f  t h e i r  o b s e r v a t i o n s  i s  now open  t o  d o u b t ,  s i n c e  
t h e  p r e s e n c e  o f  a h e a t  r e g u l a t i n g  c e n t r e  h a s  b e e n  
d e m o n s t r a t e d  i n  t h e  h y p o t h a l a m u s .  L a t e r ,  B a r b o u r  (1 9 1 9 )
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showed t h a t  a l th o u g h  a s p i r i n  was e f f e c t i v e  i n  lo w e r in g  
th e  te m p e r a tu r e  o f  f e v e r e d  i n d i v i d u a l s ,  i t  had l i t t l e  
or  no e f f e c t  on h ea t  l o s s  in  normal s u b j e c t s .  He 
s u g g e s t e d  t h a t  the a c t i o n  o f  th e  drug was a d i r e c t  one on 
th e  h ea t  r e g u l a t i n g  c e n t r e ,  c a u s in g  th e  tem p eratu re  
c o n t r o l  l e v e l  t o  be s e t  a t  a lo w er  l e v e l  in  t h e  p y r e x ia l  
p a t i e n t .  Two y e a r s  l a t e r ,  (B arbour, 19k! 1) he showed 
th a t  t h e  a d m in i s t r a t i o n  o f  a n t i p y r e t i c s  cau sed  an in c r e a s e  
in  th e  b lo o d  volume o f  th e  f e v e r e d  s u b j e c t .  T h is ,  he  
th o u g h t ,  m igh t f a c i l i t a t e  s w e a t in g  and so  i n c r e a s e  h e a t  
l o s s .
M i l l e r  ( I 9 1 4 ) d em on stra ted  th a t  a f t e r  a b s o r p t io n ,  
s a l i c y l i c  a c id  appeared  in  th e  t i s s u e s  as  s a l i c y l a t e ,  
u s u a l ly  i n  th e  form o f  th e  ammonium s a l t .  In  v i t r o ,  
ammonium s a l t s  o f  s a l i c y l i c  a c id  p o s s e s s e d  no g e r m ic id a l  
a c t i v i t y :  f o r  su c h  an e f f e c t ,  th e  f r e e  a c id  had t o  be  
p r e s e n t .  T h ese  f i n d i n g s  le d  M i l l e r  t o  advance the v ie w
th a t  sodium s a l i c y l a t e  owed i t s  t h e r a p e u t i c  v a lu e  t o  an 
in c r e a s e d  carbon  d io x id e  t e n s i o n  i n  th e  in fla m ed  j o i n t  
t i s s u e s  l i b e r a t i n g  f r e e  s a l i c y l i c  a c id  from t h e  s a l t .  
M i l l e r  c la im e d  t h a t  c a s e s  o f  rh eu m a tic  f e v e r  e x p e r ie n c e d  
more r a p id  r e l i e f  from j o i n t  p a in  when t r e a t e d  w ith  th e  
f r e e  a c id  i n s t e a d  o f  the sodium  s a l t ,  but he b e l i e v e d  
th a t  th e y  r e la p s e d  more r a p i d l y .  The t o t a l  p e r io d  o f  
in c a p a c i t y  was no s h o r t e r  and c a r d ia c  c o m p l ic a t io n s  were  
no l e s s .
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H a n z l ik ,  S c o t t ,  and Thorburn (1 9 1 7 )  d eterm ined  t h e  
c o n c e n t r a t io n  o f  s a l i c y l a t e  in  th e  b lo o d  and j o i n t  f l u i d  
i n  a number o f  c a s e s  r e c e i v i n g  th e  drug, and found v a l u e s  
which were s u b s t a n t i a l l y  th e  same. i n  c o n t r a s t  t o  
M ille r *  s r e s u l t s ,  th e y  found no f r e e  a c id  i n  th e  j o i n t  
f l u i d .
S w i f t  (1 9 2 5 )  b e l i e v e d  th a t  by r e l i e v i n g  p a in ,  
s a l i c y l a t e s  were b e n e f i c i a l  in  t h e m s e lv e s ,  but he p o in te d  
out t h a t  p a in  was a p r o t e c t i v e  mechanism and t h a t  r e l i e f  
from p a in  m ight mask a c t i v i t y  o f  a p a t h o l o g i c a l  p r o c e s s .  
For t h i s  r e a s o n  he v a lu e d  th e  e r y t h r o c y t e  s e d im e n ta t io n  
r a te  and th e  w h i t e  b lo o d  c e l l  count a s  a g u id e  t o  th e  
p h y s i c ia n .
H itc h  (1 9 3 0 )  and Dyke (1 9 3 5 )  showed the  p r e s e n c e  o f  
s a l i c y l a t e  i n  t h e  cereb ro  s p i n a l  f l u i d  a f t e r  o r a l  th e r a p y .
Much c o n t r o v e r s y  h as  a r i s e n  o v e r  th e  q u e s t io n  
w hether sodium s a l i c y l a t e  d o es  have a c u r a t iv e  a c t i o n  in  
rh eu m atic  f e v e r ,  and th e  q u e s t io n  s t i l l  rem a in s  u n s e t t l e d .  
Goodman and Gilman (1 9 4 1 )  s t a t e  t h a t  th e  c o u r se  o f  th e  
d i s e a s e  i s  not changed , but s i n c e  then  th e  work o f  Coburn 
( I 9 4 2 ) h as  r e c e iv e d  much a t t e n t i o n .  He s u g g e s te d  t h a t  
th e  o l d e r  b e l i e f  t h a t  sodium s a l i c y l a t e  not o n ly  r e l i e v e d  
symptoms b u t i n f lu e n c e d  rh eu m atic  in flam m atory  r e a c t i o n s  
was c o r r e c t .  He s tu d ie d  th e  p r o p h y la c t i c  a c t i o n  o f  
sodium s a l i c y l a t e  in  186 c a s e s  o f  rheumatism w ith
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s t r e p t o c o c c a l  t h r o a t  i n f e c t i o n s ,  and c la im ed  t h a t  i n  the  
p a r t  o f  th e  group which r e c e iv e d  the drug f o r  f o u r  weeks  
a f t e r  th e  r e s p i r a t o r y  i n f e c t i o n  o n ly  one ca se  d e v e lo p e d  
a rh eu m a tic  r e c u r r e n c e ,  w h i l e  41  p er  c e n t  o f  the  u n tr e a te d  
c o n t r o l  p a r t  o f  t h e  g r o u j  s u f f e r e d  a r e c o g n iz a b le  
r e c u r r e n c e  o f  rh eu m atic  symptoms. L a t e r ,  (Cockburn, 1943)  
he used sodium s a l i c y l a t e  in  101 c a s e s  o f  a c u te  rheum atism .  
One p a r t  o f  t h e  group w ere  g iv e n  s m a l l  d o s e s ,  and 21  out o f  
6 l  d e v e lo p e d  s ig n s  o f  h e a r t  d i s e a s e .  The 38 in  th e  o th e r  
part were t r e a te d  w ith  r e l a t i v e l y  m a ss iv e  d o s a g e ,  and none 
showed any e v id e n c e  o f  a c a r d ia c  l e s i o n .  The l e v e l  o f  
s a l i c y l a t e  i n  t h e  b lo o d  was measured th rou gh ou t a s  a c o n t r o l ,  
and Coburn c la im e d  t o  h ave  proved t h e  v a lu e  o f  m a in t a in in g  
high b lood  s a l i c y l a t e  l e v e l s  th r o u g h o u t  i n  th e  t r e a tm e n t  o f  
rheum atic  f e v e r .  He l a i a  i t  down t h a t  the b lood  l e v e l  
should n ev e r  be a l lo w e d  to  f a l l  below  a c o n c e n t r a t io n  o f  
36 mg. p er  100  m l . ,  t h a t  to  e n su r e  t h i s  f r e q u e n t  a d m in is ­
t r a t i o n  i n  h ig h  d o sa g e  -  u s in g  th e  in tr a v e n o u s  r o u te  i f  
n ece ssa r y  -  sh ou ld  be p r a c t i s e d ,  and th a t  th e  p a t ie n t s *  
co m p la in ts  o f  u n p le a s a n t  s i d e  e f f e c t s  sh o u ld  be ig n o r e d .
He a l l e g e d  t h a t  a serum c o n c e n t r a t io n  o f  l e s s  th an  20  mg. 
per lo o  m l. was d an gerou s  in  th a t  w h i l e  c e r t a i n l y  
r e l i e v i n g  symptoms i t  masked the  a c t i v i t y  o f  th e  d i s e a s e  
p r o c e s s .
Wegria and Sm ull (1 9 4 5 )  made f u r t h e r  o b s e r v a t io n s  on
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c a s e s  o f  a c a t e  rheum atism  t r e a t e d  on th e  l i n e s  s u g g e s te d  
by Coburn. They m a in ta in e d  th e  b lo o d  s a l i c y l a t e  
c o n c e n t r a t io n  betw een  35 and 50  mg. per  100 m l. u n t i l  
th e  e r y t h r o c y t e  s e d im e n ta t io n  r a t e  was l e s s  th an  20 mm. 
in  one hour and rem ained so f o r  two weeks* They found  
the in tr a v e n o u s  r o u te  o f  a d m in i s t r a t io n  no more e f f e c t i v e  
than th e  o r a l .
K e ith  and R oss  (1 9 4 5 )  m a in ta in ed  a b lo o d  s a l i o y l a t e  
l e v e l  o f  27 -  31 mg. p er  l o o  m l. in  a sm a ll  number o f  
c a s e s ,  but t h e y  were unable to  confirm  Coburn’ s v ie w s  
th a t  t h e  e v id e n c e  o f  h e a r t  l e s i o n s  was much red u ced .
J e q u ie r -D o g e  (1 9 4 5 )  compared th e  e f f i c i e n c y  o f  
s a l i c y l a t e  w ith  su lphonam ides in  rh eu m atic  f e v e r ,  and 
found t h a t  t h e  form er vas  o f  much g r e a t e r  v a lu e .
C lark  (1 9 4 0 )  d e s c r i b e d  the f a t e  o f  s a l i c y l a t e  i n  t h e  
body thus* ^when a s i n g l e  d ose  i s  g iv e n  by mouth, e x c r e t i o n  
b e g in s  i n  th e  u r in e  in  f i f t e e n  m in u tes  and c o n t in u e s  f o r  
40 h o u r s .  T h e r e a f t e r  on ly  sm a ll  amounts a r e  e x c r e t e d .  
About 30  p e r  ceint i s  e x c r e t e d  in  the f i r s t  24 h o u rs ,  and 
20 p er  c e n t  in  th e  n ext 24 h o u r s .  In th e  normal 
i n d i v i d u a l ,  80  p e r  c e n t  o f  th e  dose  i s  e x c r e t e d ,  th e  
f e b r i l e  c a s e  e x c r e t i n g  about (>0 p er  c e n t .  T hese  f i g u r e s  
a g ree  r e a s o n a b ly  w e l l  w ith  t h e  f i n d i n g s  o f  H a n z l ik  (1 9 1 7 )*  
O thers have shown t h a t  th e  drug i s  e x c r e te d  c h i e f l y  a s  
s a l i c y l u r i c  a c i d ,  formed in  th e  d e t o x i f i c a t i o n  p r o c e s s
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by union  o f  s a l i c y l i c  a d d  w i t h  g l y c i n e ,  t h u s :
GgH^OH. ODCH* + B gE-C H g. O00H CgH^OH.OO-HH. CHg. GOOH + HgO 
The p r i n c i p a l  t o x i c  m a n i f e s t a t i o n s  o f  s a l i c y l a t e s  h a v e  h e e n  
l i s t e d  by Graham and P a r k e r  ( 1 9 4 8 ) ,  and t h e s e  h ave  a l r e a d y  
been d i s c u s s e d  ( s e e  C h a p te r  I ) .
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CHAPTER I I I -
THE DETERMINATION OR THE SALICYLATE CONTENT 
Of PLASMA OR SERUM.
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CHAPTER I I I
The  D e t e r m i n a t i o n  o f  t h e  S a l i c y l a t e  C o n t e n t . 
o f  P lasm a  o r  Serum *
A v a r i e t y  o f  m ethods have b e e n  d e v e lo p e d  f o r  th e  
ch e m ic a l  e s t i m a t i o n  o f  t h e  s a l i c y l a t e  io n  i n  body f l u i d s ,  
th e  most p o p u la r  b e in g  based  on th e  c o lo u r  r e a c t i o n  w ith  ir o n  
s a l t s  f i r s t  d i s c o v e r e d  in  1798 by W hite in  th e  c o u r s e  o f  h i s  
i n v e s t i g a t i o n s  i n t o  th e  c h e m ic a l  n a tu re  o f  the a c t i v e  
s u b s ta n c e  i n  w i l lo w  bark . B ro d ie  (1 9 4 4 )  p u b l is h e d  d e t a i l s  
o f  a method which h as  b een  w id e ly  adopted  on a cco u n t  o f  i t s  
r e l a t i v e  s i m p l i c i t y ,  and which was used by Sm ull ( 1 9 4 4 ) ,
K e ith  ( 1 9 4 5 ) ,  and S a b le  (1 9 4 5 )  in  t h e i r  i n v e s t i g a t i o n s .
Sm ull s t a t e d  th a t  th e r e  was l i t t l e  d i f f e r e n c e  betw een  
th e  r e s u l t s  o f  s a l i c y l a t e  e s t im a t io n  i n  serum and plasma  
o b ta in e d  from th e  b lo o d  o f  p a t i e n t s  r e c e i v i n g  s a l i c y l a t e  
th e r a p y ,  plasma g i v i n g  s l i g h t l y  lo w er  r e s u l t s  th a n  serum. 
S to r a g e  o f  th e  sp ec im en s  f o r  36 hours  a t  room tem p era tu re  
d id  not a f f e c t  t h i s  d i f f e r e n c e .
I n  th e  work d e s c r ib e d  i n  t h i s  t h e s i s ,  serum was used  
th rou ghou t f o r  t h e  r o u t in e  d e te r m in a t io n  o f  s a l i c y l a t e  l e v e l s .
M ethod. A p p aratu s:  3 100 m l. round-bottom ed f l a s k s  w ith
g ro u n d  g l a s s  s t o p p e r s  (* Q u ic k f i t  and  
Q u a r t z ” )
3 lOO m l. c o n i c a l  f l a s k s  
1 5 m l. m ic r o b u r e t t e
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4  1 m l• p i p e t t e s
Spekker H 760 A b s o r p t io m e te r  
Cambridge "Spot" g a lv a n o m e te r  
R eagen ts?  E th y le n e  b i c h l o r i d e
6 N,. H y d r o c h lo r ic  a c i d  (A n a la r )
1 p e r  c en t  s o l u t i o n  o f  f e r r i c  
c h l o r i d e  i n  0*07 N* n i t r i c  a c i d .
D i s t i l l e d  w a te r .
P r o c e d u r e : 10 m l. v en o u s  b lo o d  a r e  c o l l e c t e d  and
c e n t r i f u g e d  f o r  f i v e  m in u tes  a t  3000  r e v o l u t i o n s  p er  
m in u te .  1 m l. o f  the serum i s  th e n  p la c e d  i n  a rou n d -  
bottom ed f l a s k  w ith  1 m l. s a l i c y l a t e - f r e e  serum, f o l lo w e d  
by 0*5 m l.  6 N.HC1 t o  p r e c i p i t a t e  th e  p r o t e i n .  F i n a l l y ,
30  m l. e t h y le n e  d i c h l o r i d e  are  in tr o d u c e d  and th e  s to p p e r e d  
f l a s k  shaken v i g o r o u s l y  f o r  f i v e  m in u te s .  The p r e c i p i t a t e d  
p r o t e i n  i s  f i l t e r e d  o f f  and 2o ml. o f  th e  e t h y le n e  d i c h l o r i d e  
l a y e r  i s  measured from th e  b u r e t t e  i n t o  a c o n i c a l  f l a s k .
To t h i s  are  added l o  m l. d i s t i l l e d  w a te r  and 0 .2 5  m l. f e r r i c  
c h lo r id e  r e a g e n t ,  and t h e  m ix tu r e  shaken v i g o r o u s l y  f o r  
f i v e  m in u te s .  The p u r p le  aqueous l a y e r  i s  th en  removed  
and i t s  o p t i c a l  d e n s i t y  measured i n  th e  a b s o r p t io m e te r ,  
u s in g  I l f o r d  spectrum b lu e - g r e e n  603  f i l t e r s .  By r e f e r e n c e  
t o  a standard  curve th e  c o n c e n t r a t io n  o f  s a l i c y l a t e  i n  
m icrogram s p e r  m l. i s  d e term in ed .
-  40  -
The a b s o r p t i o m e t e r  used  t h r o u g h o u t  i s  shown i n  t h e  
p h o t o g r a p h  on t h e  n e x t  p a g e ,  and  t h e  g e n e r a l  a r r a n g e m e n t  
i s  r e p r e s e n t e d  d i a g r a m m a t i c a l l y .
L ig h t  from a c e n t r a l l y  p la c e d  lamp i s  d iv id e d  i n t o  
two p a th s  by a p e r tu r e s  in  th e  h o u s in g  su rro u n d in g  th e  
l i g h t  so u rce-  A s p r in g  load ed  s h u t t e r ,  n orm ally  i n  
t h e  c l o s e d  p o s i t i o n ,  p r o t e c t s  th e  s e n s i t i v e  p h o t o - c e l l s  
from l i g h t  e x c e p t  when a r e a d in g  i s  b e in g  ta k e n .
L i g h t  f rom t h e  r i g h t  hand a p e r t u r e  p a s s e s  s u c c e s s i v e l y  
t h r o u g h  a l i g h t  f i l t e r ,  a v a r i a b l e  a p e r t u r e  i n c o r p o r a t e d  
i n  a c a l i b r a t e d  drum, a l e n s  w h ic h  c o n v e r t s  i t  i n t o  a 
p a r a l l e l  beam, a g l a s s  c e l l  c o n t a i n i n g  t h e  c o l o u r e d  
s o l u t i o n ,  and f i n a l l y  i s  made t o  c o n v e r g e  on a p h o t o - c e l l .
L i g h t  from t h e  l e f t - h a n d  a p e r t u r e  p a s s e s  t h r o u g h  a 
l i g h t  f i l t e r ,  a v a r i a b l e  ( b u t  u n c a l i b r a t e d )  o p e n i n g  on t o  
a s ec o n d  p h o t o - c e l l *
The two p h o t o - c e l l s  a re  co n n ected  t o  a s e n s i t i v e  
g a lv a n o m e te r .
M ethod  o f  u s e ;
The c a l i b r a t e d  drum i s  s e t  t o  read 1 .0  and w ater  i s  
p la c e d  in  th e  c e l l .  The u n c a l ib r a te d  a p e r tu r e  on t h e  l e f t  
i s  c l o s e d ,  th e  g a lv a n o m eter  s e n s i t i v i t y  s e t  a t  i t s  minimum, 
t h e  lamphouse s h u t t e r  opened, and the  g a lv a n o m eter  s w itc h  
tu rn ed  u n t i l  th e  maximum d e f l e c t i o n  i s  o b t a in e d .  The 
com p en satin g  diaphragm i s  then  s lo w ly  opened u n t i l  t h e  
g a lv a n o m eter  d e f l e c t i o n  i s  a g a in  z e r o .  The c o lo u r e d
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s o l u t i o n  w hose  c o n c e n t r a t i o n  i s  t o  h e  d e t e r m i n e d  i s  t h e n  
b r o u g h t  i n t o  t h e  p a t h  o f  t h e  l i g h t  i n  t h e  p o s i t i o n  
p r e v i o u s l y  o c c u p i e d  by t h e  w a t e r ;  l e s s  l i g h t  now f a l l s  
i n  t h e  r i g h t  hand p h o t o - c e l l  and t h e  g a l v a n o m e t e r  shows 
a d e f l e c t i o n .  The c a l i b r a t e d  a p e r t u r e  i s  opened  u n t i l  
t h e  g a l v a n o m e t e r  a g a i n  r e a d s  z e r o ,  and t h e  r e a d i n g  t a k e n  
on t h e  c a l i b r a t e d  drum.
The  p r o c e s s  i s  r e p e a t e d  w i t h  a s o l u t i o n  o f  known 
c o n c e n t r a t i o n .
By u s i n g  a s e r i e s  o f  s t a n d a r d  s o l u t i o n s ,  a s t a n d a r d  
c u r v e  c a n  b e  c o n s t r u c t e d  and t h e  c o n c e n t r a t i o n  o f  a n  
unknown s o l u t i o n  d e t e r m i n e d  by d i r e c t  r e f e r e n c e  t o  t h e  
g r a p h .
O u t l i n e  o f  t h e  T h e o ry  o f  A b s o r p t i o m e t r i c  A n a l y s i s .
A l l  p h o t o m e t r i c  m e asu re m e n ts  a r e  b a s e d  on t h e  l aw s  
o f  a b s o r p t i o n ,  a n d  t h e  a b s o r p t i o n  o f  l i g h t  b y  a homogeneous 
medium i s  s t a t e d  by L a m b e r t 1s law t o  f o l l o w  i n  g e o m e t r i c  
r a t i o  t h e  t h i c k n e s s  o f  t h e  a b s o r b i n g  l a y e r .  The same law
a p p l i e s  t o  l i g h t  p a s s i n g  t h r o u g h  v a r y i n g  c o n c e n t r a t i o n s  o f  
p ig m e n t  i n  s o l u t i o n ,  and t h e  a b s o r p t i o n  o f  l i g h t  i s ,  w i t h  
s e v e r a l  l i m i t a t i o n s ,  t h e  same,  w h e t h e r  i t  p a s s e s  t h r o u g h  
1 cm. o f  a g i v e n  c o n c e n t r a t i o n  o r  t h r o u g h  2 cm. o f  h a l f  
t h a t  c o n c e n t r a t i o n .
The l i g h t  r a y s  e n c o u n t e r  e q u a l  num bers  o f  m o l e c u l e s
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i n  p a s s i n g  th ro u g h  la y e r s  o f  e q u a l  t h ic k n e s s  p rov id ed  t h a t  
th e  l i q u i d  i s  homogeneous.
I f  th e  number o f  m o le c u le s  in  th e  path  o f  t h e  l i g h t  
i s  i n c r e a s e d ,  a g r e a t e r  amount o f  l i g h t  w i l l  be absorbed  i f  
o th e r  c o n d i t i o n s  rem ain  e q u a l .  C lo s e ly  packed or  w e l l  
se p a r a te d  m o le c u le s  make no d i f f e r e n c e  t o  th e  amount o f  
l i g h t  ab sorb ed  and t h e r e f o r e  c o n c e n t r a t io n s  o f  t h e  s o l u t i o n  
and t h i c k n e s s  o f  th e  l a y e r  a r e  in t e r c h a n g e a b le •i n  a 
p r o p o r t io n a l  manner.
These f i n d i n g s  were proved by B e e r  (1 8 5 2 )  and t h i s  
law i s  known a s  B e e r * s  l a w
P r e p a r a t io n  o f  s ta n d a rd  Curve f o r  Sodium S a l i c y l a t e  E s t im a t io n .
The stan d a rd  s o l u t i o n s  were made w ith  s a l i c y l a t e - f r e e  
serum in  o r d e r  t h a t  t h e  s a l i c y l a t e  cou ld  be e x t r a c t e d  under  
c o n d i t io n s  i d e n t i c a l  w ith  th o se  p r e v a i l i n g  when p a t ie n t s *  
sera were b e in g  a n a ly s e d .  S a l i c y l a t e - f r e e  serum was 
prepared by p o o l i n g  s e r a  o b ta in e d  from h e a l th y  b lo o d  donors  
f o r  g ro u p in g  p u r p o se s .
P roced u re:  0*5 gram pure dry sodium s a l i c y l a t e  was
d i s s o l v e d  i n  serum and made up t o  1 l i t r e .  S e r i a l  
d i l u t i o n s  o f  t h i s  s t o c k  s o l u t i o n  were made as shown in  
T ab le  I I I .
-  4 4  -  
TABLE I I I .
S t o c k  S o l u t i o n  
sodium
s a l i c y l a t e  ( m l . )  0 - 5  1»0 1*5 2 .0  2*5 3*0  3*5 4*0  4*5  5*0
S a l i c y l a t e -  
f r e e  serum
( m l . )  4*5  4*0 3 .5  3*0  2 . 5  2 . 0  1 .5  1 . 0  0 - 5  0
S t a n d a r d
s o l u t i o n
o f  sodium 50 100  150 200 250 300  350 400  450  500
s a l i c y l a t e
( m i c r o g r a m s / m l . )
To e l i m i n a t e  e x p e r i m e n t a l  e r r o r  a s  f a r  a s  r e a s o n a b l y  
p o s s i b l e ,  f i v e  s e p a r a t e  l o t s  o f  s t a n d a r d  s o l u t i o n s  were  made, 
t h e  c o l o u r e d  s a l i c y l a t e - i r o n  co m p le x e s  p r e p a r e d  an d  t h e  mean 
o p t i c a l  d e n s i t i e s  p l o t t e d  a g a i n s t  c o n c e n t r a t i o n s .  The data  
a r e  shown i n  t a b u l a r  form and g r a p h i c a l l y .
TABLE IV.
Sodium
s a l i c y l a t e
s o ln .  (jug ./m l . )  50 100 150 200 250 300  350 4 0 0  450  500
Absorpt io m e te r  2*3 3*1 4*6 5*4 6 .8  7*5 8 .8  10*1 1 1 .2  12.4
r e a d in g s
2 .9  3 .2  4*8  5 .4  6 .8  7*0  8 .8  1 0 .2  1 1 .3  12.0
2 .6  3 .2  4 .1  5 .6  6 .8  7 -9  8 .6  9 -6  1 1 .1  12.3
2 . 4  3 .6  4 . 5  5 -5  6 .8  7 . 5  8 . 5  9 -7  1 1 .2  12.3
2 .8  3 .4  4 - 5  5*6  6 . 7  7 .6  9 - 3  1 0 -4  1 1 .1  12-4
Mean r e a d in g s  2 .6  3*3 4*5 5*5 6 .8  7*7 8*8  10*2 1 1 .2  12.3
■buipvyj J i j w o i j j j o s q y
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CHAPTER IV.
in v e s t ig a t io n  o f  the method of d e t e a h n in g  ohb
SALICYLATE CONTENT OF SERUM AND PLASMA.
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CHAPTER IV.
I n v e s t i g a t i o n  o f  th e  Method o f  D eterm in in g  th e  
S a l i c y l a t e  Content o f  Serum and Plasm a.
The c o n c e n t r a t io n s  o f  s a l i c y l a t e  o c c u r r in g  in  b lood  
ev e n  under c o n d i t io n s  o f  g r o s s  overd osage , a re  r e l a t i v e l y  
low* In  th e  study o f  th e  e f f e c t s  o f  t h i s  drug, t h e r e f o r e ,  
i t  i s  e s s e n t i a l  t o  know th e  l i m i t s  w ith in  which th e  method 
adop ted  f o r  i t s  e s t im a t io n  i s  s u f f i c i e n t l y  a c c u r a te .  The 
f o l l o w i n g  i n v e s t i g a t i o n s  were made in  order  to  a s s e s s  th e  
r e l i a b i l i t y  o f  Brodie* s method, and the  r e p r o d u c i b i l i t y  o f  
t h e  r e s u l t s  o b ta in ed  by i t .
1 .  I n v e s t i g a t i o n  o f  t h e  p e r c e n t a g e  e x t r a c t i o n  o f  
sodium s a l i c y l a t e  from s t a n d a r d  s o l u t i o n s  o f  t h e  s a l t  i n
(a )  d i s t i l l e d  water
( b )  serum
( c )  plasma from h e p a r in iz e d  b lood
(d) plasma from o x a la te d  b lood
( e )  plasma from c i t r a t e d  b lood
2 .  The e f f e c t  o f  t im e and tem perature o f  s t o r in g  
th e  b lo o d  sample between c o l l e c t i o n  and a n a l y s i s .
j in v e s t ig a t io n  o f  th e  amount o f  sodium s a l i c y l a t e  
r e t a in e d  in  th e  p r e c ip i t a t e d  p r o te in .
4* The in f lu e n c e  o f  pH on th e  f i n a l  e x t r a c t .
5 . The s t a b i l i t y  o f  the  s a l i c y l a t e - i r o n  co lou red
com plex .
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1 * ( a ) .  I n v e s t i g a t i o n  o f  t h e  p e r c e n ta g e  e x t r a c t i o n  
o f  sodium s a l i c y l a t e  from d i s t i l l e d  w ater.
E x p e r im e n ta l;
Ten s o lu t i o n s  o f  sodium s a l i c y l a t e  o f  d i f f e r e n t  
c o n c e n t r a t io n s  were prepared by d i s s o l v i n g  a c c u r a t e ly  weighed  
amounts in  measured volumes o f  d i s t i l l e d  w ater . The 
e x t r a c t i o n  p r o c e ss  was c a r r ie d  ou t ,  and th e  apparent concen­
t r a t i o n  o f  each  determined by r e f e r e n c e  to  graph I .  The 
r e s u l t s  are  shown in  Table V and graph I I .
R e s u l t s :
Sodium
S a l i c y l a t e
s o l u t i o n :
prepared
c o n c e n t r a t io n












A b so rp tio m eter










C o n cen tra tio n  Cone-found  
found . a s  % con c .  
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! •  ( b ) .  i n v e s t i g a t i o n  o f  t h e  p e r c e n t a g e  e x t r a c t i o n  
o f  sodium s a l i c y l a t e  from serum .
E x p e r i m e n t a l :
A s e r i e s  o f  t e n  s o l u t i o n s  o f  sodium s a l i c y l a t e  i n  serum 
was p r e p a r e d  c o v e r i n g  a p p r o x i m a t e l y  t h e  same r a n g e  a s  t h o s e  
made f o r  t h e  p r e c e d i n g  i n v e s t i g a t i o n ,  t h e  e x t r a c t i o n  c a r r i e d  
o u t  a s  b e f o r e ,  and t h e  a p p a r e n t  c o n c e n t r a t i o n  o f  e ac h  s o l u t i o n  
f o u n d  by r e f e r e n c e  t o  g r a p h  I -
R e s u l t s :
Sodium
s a l i c y l a t e
s o l u t  i o n :
p r e p a r e d
c o n c e n t r a t i o n












A b s o r p t i o m e t e r
r e a d i n g .
C o n c e n t r a t i o n  Cone, found 
f o u n d . a s  % conc .
t a k e n .
2 .5
3 - 1







































-  50 -
1 • ( c ) .  . I n v e s t i g a t i o n  o f  t h e  p e r c e n t a g e  e x t r a c t i o n
o f  sodium s a l i c y l a t e  from h e p a r i n i z e d  p la sm a .
E x p e r i m e n t a l :
A s e r i e s  o f  s o l u t i o n s  o f  sodium s a l i c y l a t e  was p r e p a r e d  
a s  i n  t h e  p r e c e d i n g  e x p e r i m e n t s ,  b u t  p lasma o b t a i n e d  from 
b l o o d  w h ic h  had b e en  c o l l e c t e d  i n  a v e s s e l  c o n t a i n i n g  h e p a r i n  
a s  an  a n t i c o a g u l a n t  was used a s  t h e  s o l v e n t .  The e x t r a c t i o n  
was c a r r i e d  ou t  a s  b e f o r e ,  t h e  a p p a r e n t  c o n c e n t r a t i o n  o f  
s a l i c y l a t e  d e t e r m in e d ,  and t h i s  r e s u l t  c a l c u l a t e d  a s  a 
p e r c e n t a g e  o f  th e  known c o n c e n t r a t i o n  o f  t h e  s o l u t i o n  i n  each  
c a s e -  The r e s u l t s  a r e  r e c o rd e d  i n  t a b u l a r  and g r a p h i c a l  fo rm .
R e s u l t s :
Sodium
s a l i c y l a t e
so ln s
p r e p a r e d
c o n c e n t r a t i o n











TABLE V I I -
A b s o r p t i o m e t e r  C o n c e n t r a t i o n  Cone, found
r e a d i n g .  found  ( ,wg . /m l . )  a s  % o f  conc<
y t a k e n .
2. 5 




7 - 4  
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1 • (<3) • I n v e s t i g a t i o n  o f  the percentage  e x t r a c t i o n
E x p e r i m e n t a l ;
The procedure  fo l lo w e d  was the same as  in  the  prev iou s  
i n v e s t i g a t i o n ,  ex cep t  th a t  the s o l v e n t  used was plasma 
o b t a in e d  from b lood  c o l l e c t e d  i n  v e s s e l s  c o n t a in i n g  sodium 
o x a la te *
o f  sodium s a l i c y l a t e  from ox a la ted  b lood
R e s u l t  s TABLE V I I I .
Sodium 
S a l i c y l a t e  
s o l u t i o n :  
prepared  
c o n c e n t r a t i o n
A bsorpt iom eter  C oncentrat ion  
r ead in g .  found
Cone, found 
a s  % o f  cone 
taken .






3 .6  
5 .1
7-1
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(©■) • I n v e s t i g a t i o n  o f  t h e  p e r c e n ta g e  e x t r a c t i o n  
o f  sodium s a l i c y l a t e  from c i t r a t e d  p lasm a.
E xper im enta l :
A s i m i l a r  procedure was observed  a s  in  t h e  p r e v io u s  
i n v e s t i g a t i o n s ,  but th e  s o l v e n t  used f o r  the p r e p a r a t io n  
o f  th e  v a r i o u s  c o n c e n t r a t i o n s  o f  sodium s a l i c y l a t e  was 
c i t r a t e d  plasma.
R e s u l t s :
Sodium
S a l i c y l a t e
s o l u t i o n :
prepared
c o n c e n t r a t i o n
(/t g ' / m l . )
TABLE IX.
A bsorp t iom eter
reading#
C o n cen tra t io n  Cone, found
found ( /* g . /m lO  a s  % o f  conc< 
' taken.
50 “ “
90 - - -
100 1.9 35 35
125 3.0 83 66
150 3.6 115 76
200 5 .1 180 90
250 6 .4 238 95
300 7 .5 290 96
400 8.5 385 96
500 11.8 480 96
uQi_jyoJfyg dfrvjudMy
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1
The E f f e c t  o f  Time and Temperature o f  s to r a g e  on the  
a c c u r a c y  o f  Serum S a l i c y l a t e  d e te rm in a t io n *
E x p e r i m e n t a l :
A s o l u t i o n  o f  sodium s a l i c y l a t e  in  serum -  440 micrograms  
per  m i l l i l i t r e  -  was prepared,  and d iv ided  i n t o  a number o f  
p o r t io n s *  One h a l f  o f  t h e se  was s tored  in  the r e f r i g e r a t o r  
a t  4°c> t h e  o t h e r  in  the  la b o ra to r y  at  room temperature  
( l 6 o  -  1 8 ° c ) • The sodium s a l i c y l a t e  content  was es t im ated  
a t  i n t e r v a l s .
R e s u l t s :  TABLE X.
p e r i o d
Days
o f  S t o r a g e .  
Hours.
S a l i c y l a t e  co n c en tra t io n  
a f t e r  s to ra g e  at  
4°C*
^ g . / m l * )  found 
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Period of storage. S a licy la te  concentration 0*g./m l . ) found
a fter  storage at '
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E f f e c t  o f  pH o f  Aqueous e x t r a c t  on the R e s u l t  o f .
Seram S a l i c y l a t e  d e te rm in a t io n .
E x p e r i m e n t a l :
A s o l u t i o n  o f  sodium s a l i c y l a t e  in  serum was prepared -  
400yM */ffll* ” an(  ^ f i n a l  aqueous e x t r a c t  obtained in  the  
u su a l  manner. The pH o f  t h i s  was v a r ied  over a wide range  
by t h e  a d d i t i o n  o f  measured amounts o f  h y d ro ch lo r ic  a c i d  and 
sodium h y d r o x id e  s o l u t i o n s .  Each sample prepared was 
s u b j e c t e d  t o  th e  s a l i c y l a t e  e x t r a c t i o n  p r o cess  and the  
s a l i c y l a t e  c o n c e n t r a t i o n  found was compared w ith  the known 
c o n c e n t r a t i o n .  R e s u l t s  are  recorded i n  t a b le  XI and in  
g r a p h i c a l  form.
R e s u l t s : TABLE XI.
3 3*6 4*3 5-0  5*3 6 . 1  7*0 8 . 0  10*1
205 295 367 390 393 395 395 385 333
pH o f  aqueous  
e x t r a c t .
C o n c e n t r a t io n  
o f  s a l i c y l a t e  
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The S t a b i l i t y  o f  t h e  S a l i c y l a t e - i r o n  c o l o u r e d  complex  
when exp o sed  t o  d a y l j ^ i t .
The procedure  f o r  th e  e s t i m a t i o n  o f  sodium s a l i c y l a t e  was 
c a r r i e d  out w i th  th ree  s o l u t i o n s  o f  the s a l t  i n  serum hav ing  
c o n c e n t r a t i o n s  o f  I50y^g/m l» ,  300^ g / m l . ,  and 4 5 0 /^ g /m l .  
r e s p e c t i v e l y ,  and th e  o p t i c a l  d e n s i t i e s  measured a f t e r  s ta n d in g  
i n  d a y l i g h t  f o r  v a r y in g  i n t e r v a l s .
R e s u l t s :
TABLE X I I .
A p p a r e n t  c o n c e n t r a t i o n  L o g / m l * )  -  h o u r s  a f t e r  p r e p a r a t i o n  o f  
com plex .  /
0 12F
12 34- 1 14 2 3 44 8 10
450 450 450 450 450 450 445 440 410 400 390 375 320 285
300 300 300 300 300 290 285 285 280 275 260 245 210 185
150 145 150 150 145 145 140 140 135 132 122 105 80 65
" a  ft a  «  |  S
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i n v e s t i g a t i o n  o f  t h e  amount o f  Sodium S a l i c y l a t e  r e t a i n e d  i n  
t h e  P r o t e i n  p r e c i p i t a t e d  d u r i n g  t h e  e s t i m a t i o n  p r o c e d u r e .
E x p e r i m e n t s I s
The p e r c e n t a g e  o f  sodium s a l i c y l a t e  e x t r a c t e d  from 
s o l u t i o n s  o f  v a r i o u s  c o n c e n t r a t i o n s  i n  d i s t i l l e d  w a te r  and 
serum h a s  a l r e a d y  b e e n  r e p o r t e d .  The d i f f e r e n c e  b e tw een  
t h e  p e r c e n t a g e  e x t r a c t e d  from serum and from d i s t i l l e d  w a t e r
a t  any g i v e n  c o n c e n t r a t i o n  o f  sodium s a l i c y l a t e  was  ta k e n  to
\
be  a m e a s u re  o f  t h e  amount o f  t h e  s o l u t e  r e t a i n e d  by  th e  
p r o t e i n  p r e c i p i t a t e d  from t h e  serum. The p e r c e n t a g e s  
e x t r a c t e d  from serum and from d i s t i l l e d  w a te r  f o r  t e n  
d i f f e r e n t  c o n c e n t r a t i o n s  o f  t h e  s a l t  a r e  r e c o r d e d  a s  t a k e n  
from g r a p h s  I I  and I I I .
R e s u l t s ;
TABLE X I I I












S a l i c y l a t e
c o n c e n t r a t i o n
U f i / m l . )
500
$ a g e  e x t r a c t e d  
from w a t e r  
( f rom  g r a p h  I I )
98
$age  e x t r a c t e d  
from serum 











-  58 -
Comment on r e s u l t s o f  th e  i n v e s t i g a t i o n s  i n t o  t h e  method o f  
B r o d i e —(JL944) f o r  d e t e r m i n i n g  serum s a l i c y l a t e  c o n c e n t r a t i o n ;
The raethoa i s ,  on th e  whole ,  s a t i s f a c t o r y  f o r  g e n e r a l  
c l i n i c a l  u s e ,  h u t  c e r t a i n  f a c t o r s  not  s p e c i f i c a l l y  m en t ioned  
by B r o d i e  r e q u i r e  t o  be c o n t r o l l e d .
P l a s m a ,  w h e th e r  o b t a i n e d  from c i t r a t e d ,  o x a l a t e d ,  o r  
h e p a r i n i z e d  b l o o d ,  g i v e s  v a l u e s  lower  t h a n  t h o s e  o b t a i n e d  
when serum i s  u se d ,  when t h e  s a l i c y l a t e  c o n c e n t r a t i o n  i s  
low, and  t h e  r e s u l t s  from serum approach  more n e a r l y  t h e  
t r u e  f i g u r e .
The pH o f  t h e  aqueous  e x t r a c t  has  a marked e f f e c t  on 
t h e  f i n a l  r e s u l t  o b t a i n e d ,  b u t  no t  w i t h i n  th e  r a n g e  o f  
h y d r o g e n  i o n  c o n c e n t r a t i o n  found i n  t h e  b lood i n  l i f e .
The most e x t r e m e  c o n d i t i o n s  o f  a l k a l o s i s  o r  a c i d o s i s ,  t h e r e f o r e ,  
w i l l  n o t  a p p r e c i a b l y  a f f e c t  th e  a c c u r a c y  o f  t h e  r e s u l t  o f  
b lo o d  s a l i c y l a t e  d e t e r m i n a t i o n s .  Gross  d e v i a t i o n s  of  t h e  pH 
of t h e  e x t r a c t ,  however ,  w i l l  g iv e  s e r i o u s l y  m i s l e a d i n g  
r e s u l t s ,  and a c c o r d i n g l y  i n  a l l  s u cceed in g  serum s a l i c y l a t e  
d e t e r m i n a t i o n s  t h e  pH o f  th e  e x t r a c t  was checked,  u s in g  pH 
p a p e r  s t r i p s  ( M e s s r s .  J o h n s t o n ) .
O p t i c a l  d e n s i t i e s  r e q u i r e  t o  be  measured w i t h i n  
f i f t e e n  m i n u t e s  t o  av o id  t h e  e f f e c t  o f  f a d i n g  which becomes 
a p p r e c i a b l e  a f t e r  t h i s  t ime* The r a t e  o f  f a d i n g  i s  much 
t h e  same w h e th e r  t h e  c o n c e n t r a t i o n  be h ig h  o r  low.
The c o n c e n t r a t i o n  o f  sodium s a l i c y l a t e  i n  b lo o d  f a l l s
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o f f  a p p r e c i a b l y  when th e  sample i s  s to red  at  room temperature  
f o r  more than tw entyfour  hours. R e f r i g e r a t io n  at  4°c 
p e r m i t s  a d e la y  between c o l l e c t i o n  of1 b lood and a n a l y s i s  
which shou ld  not exceed one day. As a r o u t in e ,  a l l  
sub seq u en t  a n a l y s e s  reported  in t h i s  t h e s i s  were c a r r ie d  out  
w i t h i n  t h i r t y  m inutes  o f  c o l l e c t i o n  o f  the  specimen.
An a p p r e c i a b l e  amount o f  s a l i c y l a t e  appears to  be 
r e t a i n e d  i n  t h e  p r e c i p i t a t e d  p ro te in ;  above serum 
c o n c e n t r a t i o n s  o f  2 00^* g . / m l .  the inaccuracy th us  in troduced  
i s  u n l i k e l y  t o  have any m a te r ia l  s i g n i f i c a n c e  when the  
a n a l y s e s  are  c a r r i e d  out fo r  ro u t in e  c o n tr o l  o f  s a l i c y l a t e  
th era p y  i n  c l i n i c a l  p ra c t ice*
-r 60 -
CHAPTER V.
SOME GENERAL FACTORS AFFECTING SERUM SALICYLATE LEVELS,
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chapter v .
Some General  F a c to r s  a f f e c t i n g  Serum S a l i c y l a t e  L e v e l s .
The t o x i c  m a n i f e s t a t i o n s  which f r e q u e n t l y  r e s u l t  
f o l l o w i n g  the  a d m in i s t r a t i o n  o f  s a l i c y l a t e s  appear to  
be c l o s e l y  r e l a t e d  to  the l e v e l  o f  the  drug in  t h e  b lo o d :  
some i n v e s t i g a t i o n ,  t h e r e f o r e ,  seemed t o  be i n d i c a t e d  
r e g a rd in g  c e r t a i n  g en era l  f a c t o r s  which could  i n f l u e n c e  
t h e s e  l e v e l s .
The f o l l o w i n g  were the g e n e r a l  f a c t o r s  i n v e s t i g a t e d :
1. The dose o f  s a l i c y l a t e ,  and t h e  frequency  o f
a d m in i s t r a t io n .
2 .  The route  o f  a d m in i s t r a t io n
(a )  O r a l ly
(b )  By rectum
( c )  I n t r a v e n o u s ly .
3 . The Rate o f  A b sorp t ion  a nd E x c r e t io n .
4 . The f l u i d  in ta k e  and the u r in e  o u tpu t .
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The Dose o f  Sodium S a l i c y l a t e  and i t s  freq u en cy  o f  A d m i n i s t r a t i o n .
E x p e r i m e n t a l :
For t h i s  i n v e s t i g a t i o n  a s e r i e s  o f  p a t i e n t s  was 
s e l e c t e d  'who had been admitted t o  h o s p i t a l  f o r  treatm ent  
o f  some l o c a l  c o n d i t i o n ,  g e n e r a l l y  o f  an o r th o p a e d ic  nature ,  
or  eye d i s e a s e ,  and i n  whom no e v id e n c e  o f  s e r i o u s  o r g a n ic  
d i s e a s e  could  be d e t e c t e d  by c l i n i c a l  ex a m in a t io n .  The ir  
a g e s  ranged from 25 to  50 y e a r s ,  a nd a l l  were o f  average  
h e i g h t  and w eight .  F lu id  in ta k e  was s t r i c t l y  c o n t r o l l e d  
throughout  the i n v e s t i g a t i o n ,  and was l i m i t e d  to  t h r e e  p i n t s  
i n  2 4  hours.  Sodium s a l i c y l a t e  was a d m in is te r e d  i n  1 ounce  
o f  water a t  r e g u l a r  i n t e r v a l s  day and n i g h t .  Blood was 
c o l l e c t e d  p e r i o d i c a l l y  f o r  d e te r m in a t io n  o f  the  serum '
s a l i c y l a t e  concentra t ion*
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The E f f e c t  o f  R o u te  o f  A d m i n i s t r a t i o n ,  and S a t e  
o f  A b s o r p t i o n  and E x c r e t i o n  on Serum S a l i c y l a t e  
l e v e l s .
( a )  O ra l  a d m i n i s t r a t i o n .
E x p e r i m e n t a l :
Two s u b j e c t s  were  s e l e c t e d  and p l a c e d  on f l u i d  i n t a k e s  
o f  2£ p i n t s  and  3 p i n t s  i n  24 h o u r s  r e s p e c t i v e l y • Each  
s u b j e c t  was g i v e n  4 g ram s  sodium s a l i c y l a t e  i n  tw o  o u n c es  
o f  w a t e r  a t  8 a . m . ,  and t h e  serum s a l i c y l a t e  l e v e l s  were 
d e t e r m i n e d  a t  p e r i o d i c  i n t e r v a l s .  The s u b j e c t s  had 
p r e v i o u s l y  b een  f o u n d  to  e x h i b i t  no i d i o s y n c r a s y  when t h e  
d r u g  had b e e n  g i v e n  i n  a dosage  o f  20 g r a i n s  f o u r  h o u r l y  
f o r  f i v e  d a y s .
R e s u l t s :
s e e  n e x t  pag e .
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TABLE X V III .
R e s u l t s :
Time a f t e r  a d m i n i s t r a t i o n  
o f  4 grams sodium s a l i c y l a t e  
o r a l l y .
























Serum s a l i c y l a t e  l e v e l s  



































-  69 -
( ^ ) R e c t a l  A d m i n i s t r a t i o n
E x p e r i m e n t a l ;
One c a s e  was a v a i l a b l e  f o r  t h i s  i n v e s t i g a t i o n .  P o u r  
g ram s o f  sodium s a l i c y l a t e  was d i s s o l v e d  i n  2 2 q  m l .  s a l i n e  
a t  37°C and s lo w ly  i n j e c t e d  p e r  r e c t u m .  Blood was c o l l e c t e d  
a t  i n t e r v a l s  a n d  t h e  s a l i c y l a t e  l e v e l  i n  t h e  serum d e t e r m i n e d .  
As b e f o r e ,  t h e  f l u i d  i n t a k e  was r e s t r i c t e d  to  t h r e e  p i n t s  i n  
2A h o u r s .
R e s u l t s :
TABLE XIX.
Time a f t e r  r e c t a l  a d m i n i s t r a t i o n  Serum s a l i c y l a t e  l e v e l
o f  A grams sodium s a l i c y l a t e
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Time a f t e r  r e c t a l  a d m i n i s t r a t i o n  
o f  4  grams sodium s a l i c y l a t e  





Serum s a l i c y l a t e  l e v e l  
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( c )  I n t r a v e n o u s .
E x p e r i m e n t a l :
4  grams sodium s a l i c y l a t e  was d i s s o l v e d  i n  i s o t o n i c  
sodium c h l o r i d e  s o l u t i o n  (o«85/*>), s t e r i l i z e d  i n  t h e  a u t o c l a v e ,  
end  a d m i n i s t e r e d  by slow i n t r a v e n o u s  d r i p  t o  one case*
The i n f u s i o n  was g i v e n  a t  a u n i fo rm  r a t e  o v e r  a p e r i o d  o f  
3 h o u r s  40 m i n u t e s  and  no un toward  r e a c t i o n s  were  o b s e r v e d .  
B lo o d  was w i th d ra w n  from a v e i n  i n  t h e  o t h e r  arm a t  i n t e r v a l s  
and a n a l y s e d  a s  b e f o r e .
R e s u l t s :
TABLE XX.
Time i n  h o u r s  a f t e r  
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Time i n  h o u r s  a f t e r  









Serum s a l i c y l a t e  l e v e l s  
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Comment;
A s t a n d a r d  dose  -  4 grams -  was a d m i n i s t e r e d  o r a l l y  t o  
two s u b j e c t s ,  b y  r ec tu m  t o  a t h i r d ,  and i n t r a v e n o u s l y  t o  a 
f o u r t h .  B lo o d  l e v e l s  were d e t e r m i n e d  a t  i n t e r v a l s  f o r  a 
p e r i o d  o f  o v e r  40 h o u r s .
O r a l  a d m i n i s t r a t i o n  was f o l l o w e d  by a r a p i d  r i s e  i n  t h e  
serum s a l i c y l a t e  c o n t e n t  t o  a maximum o f  4 0 0 ^ g . / m l .  i n  two 
and a h a l f  h o u r s ,  f o l l o w e d  b y  a . g r a d u a l  f a l l .  A f t e r  e i g h t  
h o u r s  bad  e l a p s e d ,  t h e  c o n c e n t r a t i o n  was 2 2 2 ^ c g / m l . ,  and 
a p p r e c i a b l e  am oun ts  c o u l d  s t i l l  be  d e t e c t e d  a f t e r  f o r t y  h o u r s .  
T h e s e  r e s u l t s  s u g g e s t  t h a t  wben t h e  d ru g  i s  a d m i n i s t e r e d  by  
t h e  o r a l  r o u t e ,  t h e  r a t e  o f  a b s o r p t i o n  i s  g r e a t e r  t h a n  t h e  
r a t e  o f  e x c r e t i o n .
R e c t a l  a d m i n i s t r a t i o n  r e s u l t e d  i n  more r a p i d  a b s o r p t i o n  
o f  t h e  d r u g  t h a n  o c c u r r e d  a f t e r  o r a l  a d m i n i s t r a t i o n ,  f o r  a 
p e a k  o f  422y*£g/ml. was r e a c h e d  i n  one h o u r .  Serum 
c o n c e n t r a t i o n s  f e l l  r a p i d l y ,  however ,  and a f t e r  f o u r  h o u r s  
t h e  l e v e l  was  o n ly  162yAg/ml-  -  when t h e  l e v e l  a f t e r  o r a l  
t h e r a p y  had j u s t  p a s s e d  i t s  maximum.
When t h e  same d o se  o f  t h e  s a l t  was a d m i n i s t e r e d  by  t h e  
i n t r a v e n o u s  r o u t e ,  a h i g h  c o n c e n t r a t i o n  -  4 C C /€ /m l .  -  was 
fo u n d  i n  t h e  b l o o d  w i t h i n  15 m i n u t e s .  The maximum 
c o n c e n t r a t i o n  o f  6OCyAg/ml* was a t t a i n e d  i n  2 £ h o u r s ;  
t h e r e a f t e r  b l o o d  l e v e l s  f e l l .
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I n v e s t i g a t i o n  o f  th e  E f f e c t s  o f  A l t e r a t i o n s  i n  
F l u i d  I n t a k e  and O u tp u t  on th e  Serum s a l i c y l a t e  
l e v e l .
E x p e r i m e n t a l ;
T h r e e  s u b j e c t s  f r e e  f ro m  s e r i o u s  o r g a n i c  d i s e a s e  w e r e  
s e l e c t e d .  E ach  was g i v e n  sodium s a l i c y l a t e  f o u r  h o u r l y  i n  
a d o sag e  o f  15 g r a i n s  i n  one ounce o f  w a t e r ,  day  and  n i g h t ,  
and t h i s  d o sag e  was m a i n t a i n e d  t h r o u g h o u t  t h e  i n v e s t i g a t i o n .  
Serum s a l i c y l a t e  l e v e l s  were d e t e r m in e d  a t  t h e  same t i m e  
d a i l y ,  and when a f a i r l y  c o n s t a n t  l e v e l  had been  m a i n t a i n e d  
f o r  t h r e e  d a y s ,  t h e  e x p e r im e n t  p r o p e r  b e g a n .  The f l u i d  
i n t a k e  was k e p t  c o n s t a n t  f o r  a L, e r i o d ,  and t h e  24 h o u r  o u t p u t  
o f  u r i n e  c a r e f u l l y  c o l l e c t e d  and  m e a s u re d .  D a i l y  e s t i m a t i o n s  
o f  t h e  serum s a l i c y l a t e  were c o n t i n u e d .  L a t e r ,  t h e  d a i l y  
i n t a k e  o f  f l u i d  was  i n c r e a s e d  t o  a m e asu red  amount ,  and t h e  
u r i n e  o u t p u t  and serum s a l i c y l a t e  l e v e l s  r e c o r d e d  a s  b e f o r e .
F i n a l l y ,  t h e  f l u i d  i n t a k e  was r e t u r n e d  t o  i t s  o r i g i n a l  
l e v e l  and t h e  o b s e r v a t i o n s  c o n t i n u e d  f o r  a f u r t h e r  p e r i o d .
R e s u l t s ;
s e e  n e x t  page
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R e s u l t s  i 
C ase  ! •
TABLE XXI.
Time F l u i d  i n t a k e  F l u i d  o u t p u t  Serum s a l i c y l a t e
( d a y s ) .  ( f l u i d  o u n c e s ) .  ( f l u i d  o u n c e s ) ,  ( m i c r o g r a m s / m l . ) .
1 66  57 325
2 65 60  300
3  68 61 325
4  lOO 90 265
5 104 93 250
6 102 96 255
7 104 100 265
8 I 06  100 270
9 112  110  300
10 103 95 300
11  100 90 295
12 62 54 340
13  62 48 325
14  56 53 310
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C ase 2 .
TABLE XXXI.
Time F lu id  in ta k e  F lu id  ou tp u t Serum s a l i c y l a t e
( d a y s ) .  ( f l u i d  o u n c e s ) . ( f l u i d  o u n c e s ) ,  (m icro g ra m s/m l.)
1 4 4  40 320
2 45  50  330
3 44  4 0  340
4 4 0  40  345
5 116 : 112 295
6  114 l l o  275
7 116 114 300
8  120 114 315
9 114 108 325
10  116  112 327
11  4 6  44  325
12 42  4 6  350
13  46  40  325
14  4 4  4 4  325
15 52  46  345
9 £o 3  w
3W
S.
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C a se  3*
TABLE XXIII*
Time F l u i d  i n t a k e  F l u i d  o u t p u t  Serum s a l i c y l a t e
( d a y s ) .  ( f l u i d  o u n c e s ) .  ( f l u i d  o u n c e s ) ,  ( m i c r o g r a m s / m l . ) .
1 64 60 375
2 68 54 360
3 63 57 375
4 112 106 275
5 106 104 26o
6 98 102 . 26o
7 106 108 310
8 102 100 325
9 100 102 330
10 105 100 325
11 100 97 355
12 56 60 330
13 60 62 325
14 64 64 320
15 62 64 325
16 55 60 337
Comment;
T h r e e  s u b j e c t s ,  f r e e  from s e r i o u s  o r g a n i c  d i s e a s e ,  w ere  
g i v e n  s t a n d a r d  d o s e s  o f  15 g r a i n s  o f  sociium s a l i c y l a t e  i n  one
S^ ?uno p/n/d
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o u n ce  o f  w a t e r  e v e r y  f o u r  h o u r s ,  and t h e  e f f e c t  o f  v a r y i n g  
t h e i r  f l u i d  i n t a k e  on t h e  l e v e l  o f  s a l i c y l a t e  i n  t h e  serum 
was o b s e r v e d .
The t o t a l  volume o f  u r i n e  e x c r e t e d  d a i l y  p a r a l l e l e d  
c l o s e l y  t h e  i n t a k e  i n  24 h o u r s .
I n  c a s e  1, an  i n c r e a s e  i n  th e  f l u i d  i n t a k e  from 65 
t o  104 f l u i d  o u n ces  w i t h  a c o r r e s p o n d i n g  i n c r e a s e  i n  u r i n e  
volume from 60  t o  93 f l u i d  o u n ces  gave r i s e  t o  a f a l l  i n  
serum s a l i c y l a t e  from 3^5//t*'8/ml* to  265 on t h e  seco n d  day  
o f  i n c r e a s e d  d i u r e s i s *  L a t e r ,  t h e  serum s a l i c y l a t e  l e v e l  
r o s e  g r a d u a l l y  t o  i t s  o r i g i n a l  l e v e l ,  but  t h i s  r i s e  began 
b e f o r e  t h e  f l u i d  i n t a k e  was c u t  down t o  t h e  f o rm e r  v a l u e  
o f  62  f l u i d  o u n c e s .
G a s e s  2 and  3 showed s i m i l a r  ch an g e s  b. t h r o u g h o u t  t h e  
i n v e s t i g a t i o n *
T h e s e  r e s u l t s  s u g g e s t  t h a t  a r i s e  i n  t h e  volume o f  
u r i n e  e x c r e t e d  w i l l  c a u s e  a d e p r e s s i o n  i n  serum s a l i c y l a t e  
l e v e l  i n i t i a l l y  b e c a u s e  o f  an  i n c r e a s e  i n  t h e  r a t e  o f  
e x c r e t i o n  t f  t h e  d r u g .  S in ce  t h e s e  serum l e v e l s  r e t u r n  
t o  t h e i r  o r i g i n a l  l e v e l s  w h i l e  t h e  i n c r e a s e d  f l u i d  o u t p u t  
i s  b e i n g  m a i n t a i n e d ,  i t  i s  c o n c lu d e d  t h a t  e q u i l i b r i u m  i s  
once  more r e a c h e d  b e tw een  t h e  amount o f  s a l i c y l a t e  a b s o rb e d  
and t h e  amount d i s t r i b u t e d  b e tw e en  t h e  b lo o d  and t h e
i n t e r c e l l u l a r  f l u i d .
U n d e s i r a b l e  f l u c t u a t i o n s  i n  t h e  serum s a l i c y l a t e  l e v e l
-  79 -
when t h e  d r u g  i s  p r e s c r i b e d  f o r  t h e r a p e u t i c  p u r p o s e s  may 
r e s u l t  i f  t h e  f l u i d  i n t a k e  i s  no t  m a i n t a i n e d  a t  a f a i r l y  
c o n s t a n t  l e v e l .
-  80  -
CHAPTER V I .
SPECIAL FACTORS INFLUENCING BLOOD SALICYLATE LEVELS*
-  81 -
CHAPTER V I .
S p e c i a l  F a c t o r s  I n f l u e n c i n g  B lood  S a l i c y l a t e  L e v e l s *
( a ) • The E f f e c t  o f  Sodium B i c a r b o n a t e  a d m i n i s t r a t i o n  on 
Serum S a l i c y l a t e  l e v e l s .
E x p e r i m e n t a l .
The i n v e s t i g a t i o n  was c a r r i e d  o u t  on p a t i e n t s  and  
h e a l t h y  c o n t r o l s .  Serum s a l i c y l a t e  l e v e l s  were d e t e r m in e d  
r e g u l a r l y  w h i l e  t h e  s u b j e c t s  were r e c e i v i n g  sodium s a l i c y l a t e  
i n  f a i r l y  u n i fo rm  d o sag e  a t  r e g u l a r  i n t e r v a l s  day and n i g h t .  
The i n v e s t i g a t i o n  was d i v i d e d  i n t o  t h r e e  p e r i o d s .  I n  t h e  
f i r s t ,  sodium s a l i c y l a t e  was g i v e n  a l o n e .  I n  t h e  s eco n d ,  
combined  t r e a t m e n t  w i t h  e q u a l  d o s e s  o f  sodium b i c a r b o n a t e  
and sodium s a l i c y l a t e  was c a r r i e d  o u t .  The s a l i c y l a t e  was 
a g a i n  t h e  o n ly  d r u g  e x h i b i t e d  i n  t h e  t h i r d  p e r i o d .
I n  some c a s e s ,  t h e  p e r i o d s  were i n t e r c h a n g e d .  Some
s u b j e c t s  were  a l l o w e d  an  u n r e s t r i c t e d  f l u i d  i n t a k e ,  and i n  
o t h e r s  t h e  volume o f  f l u i d  t a k e n  was l i m i t e d .
The 2k h o u r  o u t p u t  o f  u r i n e  was m easu red  d a i l y  and each
s u b j e c t  w eighed  a t  i n t e r v a l s  i n  o r d e r  t o  a s s e s s  w h e t h e r  any 
i n c r e a s e  i n  t h e  e x t r a c e l l u l a r  f l u i d  m ight  be o c c u r r i n g  w h ich  
would t e n d  t o  c a u s e  v a r i a t i o n s  i n  t h e  serum s a l i c y l a t e  
l e v e l s  by  i n c r e a s i n g  t h e  c o n c e n t r a t i o n  o f  s a l i c y l a t e  i n  t h e
t  i  s sue s .
-  82 -
C a se  1.  D i s e a s e s  R h eu m at ic  f e v e r ,  o f  t h r e e  days* d u r a t i o n .
T r e a t m e n t ;  Sodium s a l i c y l a t e ,  ^ 0  g r a i n s  e v e r y  f o u r  
h o u r s .
F l u i d s  u n r e s t r i c t e d .
R e s u l t s ;
TABLE XXIV.
Time Weight  U r in e  volume
( d a y s ) .  ( l b * )  ( f l . o z * ) .
x  1 1 4 2 .7  70
2 1 4 2 .6  70
3 -  58
4 74
5 1 4 2 .7  74
6 -  79
7 1 4 2 .8  80
xx  8 -  93
9 -  110
10 143 97
11  -  87
12 145 78
x x x  13 -  60
14 1 4 4 .2  70
15 -  70
16 143-1  68
17 -  70
Serum s a l i c y l a t e  
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T i me Weight  U r in e  volume Serum s a l i c y l a t e
( d a y s ) .  ( l b . ) .  ( f l - o z . ) *  ( / W m l - ) -
1 8  I 4 2 .4  76 393
19 t- 400
x  sodium s a l i c y l a t e  a d m i n i s t r a t i o n .
xx  combined s a l i c y l a t e  and b i c a r b o n a t e  t h e r a p y  begun.
x x x  b i c a r b o n a t e  d i s c o n t i n u e d .
Comment: when t h e  a d m i n i s t r a t i o n  o f  sodium b i c a r b o n a t e
a l o n g  w i t h  sodium s a l i c y l a t e  was begun  on t h e  e i g h t h  day ,  
t h e  c o n c e n t r a t i o n  o f  s a l i c y l a t e  i n  t h e  serum f e l l ,  b u t  
r o s e  a g a i n  a f t e r  t h e  b i c a r b o n a t e  was d i s c o n t i n u e d  on t h e  
t h i r t e e n t h  day .
The u r i n e  volume r o s e  on t h e  f i r s t  day  o f  b i c a r b o n a t e  
a d m i n i s t r a t i o n ,  r e a c h i n g  a maximum on t h e  n i n t h  d a y .  Over 
t h e  s u c c e e d i n g  t h r e e  d ay s ,  however ,  t h e  u r i n e  o u t p u t  f e l l  
t o  i t s  o r i g i n a l  l e v e l ,  and i t  showed no a l t e r a t i o n  when 
b i c a r b o n a t e  t r e a t m e n t  was s t o p p e d .
The body w e ig h t  r o s e  d u r i n g  t h e  time b i c a r b o n a t e  was 
a d m i n i s t e r e d  r e a c h i n g  a maximum a t  t h e  end o f  t h i s  p e r i o d .  
T h e r e a f t e r  i t  d e c l i n e d  s lo w ly  t o  i t s  o r i g i n a l  v a l u e .
The f o l l o w i n g  e x p l a n a t i o n  o f  t h e s e  ch a n g e s  i s  s u g g e s t e d :  
t h e  i n c r e a s e d  u r i n e  o u t p u t  f o l l o w i n g  combined sodium s a l i c y l a t e  
and sodium b i c a r b o n a t e  t h e r a p y  i s  p r o b a b ly  due t o  t h e  
d i u r e t i c  a c t i o n  o f  t h e  s l io a l i*  T h i s  e f f e c t  i s  most  raarxed 
a t  f i r s t  and t e n d s  to d e c l i n e  l a t e r *  The t e n d e n c y  o f
-  84 -
s a l i c y l a t e s  t o  c a u s e  p a r t i a l  s u p p r e s s i o n  o f  w a t e r  e x c r e t i o n  
by t h e  k id n e y  which H a n z l i k  (1917)  d e s c r i b e d  may b e  
d i m i n i s h e d  by  t h e  b i c a r b o n a t e .
The i n c r e a s e  in  body w e igh t  which was  c o n s i d e r e d  due t o  
a n  i n e r e & s e  i n  t h e  e x t r a c e l l u l a r  t i s s u e  f l u i d  may a p p e a r  a t  
f i r s t  a c o n t r a d i c t o r y  o b s e r v a t i o n ,  b u t  g r a p h  _XV shows t h a t  
t h e  maximum body w e igh t  was r e c o r d e d  a f t e r  t h e  u r i n e  volume 
had r e t u r n e d  t o  normal a t  the  end o f  t h e  p e r i o d  o f  
b i c a r b o n a t e  t r e a t m e n t :  a t  t h i s  s t a g e  i t  may b e  t h a t  an
i n c r e a s e  i n  e x t r a c e l l u l a r  f l u i d  was t h e  r e s u l t  o f  i n c r e a s e d  
sodium i n g e s t i o n .  The sodium o f  t h e  s a l i c y l a t e  may be 
p a r t i a l l y  r e s p o n s i b l e  f o r  t h e  s o - c a l l e d  " s a l i c y l  oedema” 
( H a n z l i k  1 9 1 7 ) ,  and t h e  a d m i n i s t r a t i o n  o f  e x t r a  sodium a s  
b i c a r b o n a t e  would t e n d  t o  enhance  t h e  e f f e c t .
The marked f a l l  i n  serum s a l i c y l a t e  on t h e  s e v e n t h  day 
c a n  b e  e x p l a i n e d  by th e  i n c r e a s e d  e x c r e t i o n  i n  t h e  u r i n e .  
A f t e r  c e s s a t i o n  o f  b i c a r b o n a t e  t h e r a p y ,  a g r a d u a l  r i s e  i n  
serum s a l i c y l a t e  t a k e s  p l a c e  a s  t h e  volume o f  e x t r a  c e l l u l a r  
f l u i d  r e t u r n s  t o  n o rm a l .
-  85 -
C9se 2 , D i s e a s e : R h e u m a t ic  f e v e r  o f
T r e a t m e n t : Sodium s a l i c y l a t e ,  
h o u r s .
F l u i d s  were n o t  r e s t r i c t e d .
R e s u l t s :
TABLE XXV.
Time 
( d a y s ) .
Weight
( l b . ) .
U r i n e  volume 
( f  1 • 0 z • ) .
1 1 32 .5 90
2 - 94
3 1 3 2 .5 85
4 - 100
5 1 3 2 .6 110
6 - 110
7 - 123
8 1 3 2 .7 107
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Comment I I n  t h i s  i n v e s t i g a t i o n ,  t h e  p e r i o d  o f  combined
b i c a r b o n a t e  and  s a l i c y l a t e  t h e r a p y  was t w e l v e  . d a y s .  The 
f o l l o w i n g  o b s e r v a t i o n s  were made:
! •  On t h e  f i r s t  day o f  combined t r e a t m e n t  t h e r e  was
and i n c r e a s e  i n  t h e  u r i n e  o u t p u t ,  and t h i s  r o s e  t o  a maximum 
on t h e  t h i r d  d a y .  Over  t h e  r e m a i n i n g  t w e lv e  days  s l i g h t l y  
l o w e r  v o lu m e s  were r e c o r d e d .  When b i c a r b o n a t e  w as  s t o p p e d ,  
t h e  u r i n e  o u t p u t  r e t u r n e d  t o  a round  i t s  i n i t i a l  volume i n  
t h r e e  d a y s .
2 .  As i n  c a s e  1 t h e  body w e i g h t  r o s e ,  t h e  maximum 
b e i n g  r e c o r d e d  a t  t h e  end o f  p e r i o d  I I .
3 .  The serum s a l i c y l a t e  l e v e l s  were low ered  
f o l l o w i n g  t h e  i n s t i t u t i o n  o f  combined b i c a r b o n a t e  and 
s a l i c y l a t e  t h e r a p y ,  r e a c h i n g  2 5 0 /u .g /ml.  on t h e  s e v e n t h  day  
o f  t h e  i n v e s t i g a t i o n .  From t h i s  t im e  t o  t h e  end o f  t h e  
p e r i o d  o f  combined t r e a t m e n t  t h e  s a l i c y l a t e  l e v e l s  r o s e  
g r a d u a l l y  and  r e a c h e d  t h e i r  o r i g i n a l  l e v e l  when t h e  
b i c a r b o n a t e  was s to p p e d .
The r e s u l t s  i n  t h i s  e s se  a r e  s i m i l a r  to  t h o s e  o b t a i n e d  
i n  c a s e  1 and l e a d  t o  s i m i l a r  c o n c l u s i o n s .
C ase  3* R h e u m a t i c  f e v e r  o f  4 d a y s ’ d u r a t i o n .
T r e a t m e n t :  Sodium s a l i c y l a t e  25 g r .  e v e r y  f o u r
h o u r s .
F l u i d s  were r e s t r i c t e d  t o  a d a i l y  volume o f  6(
f l u i d  o u n c e s  i n  t h i s  c a s e .
R e s u l t  s .
TABLE XXVI.
Time 
( d a y s ) .
W eigh t  
( l b . ) .
U r i n e  volume,  
( f l .  0 2 - ) -
Serum s a l i c y l a t e  
m l . ) .
1 1 3 4 .5 70 430
2 1 3 4 -6 68 472
3 134-5 74 450
4 1 3 4 .6 80 455
xx  5 1 3 4 .6 80 442
6 134-5 84 415
7 1 3 4 -6 90 420
8 1 3 4 -6 92 422
9 - 94 420
10 1 34-6 90 450
11 - 88 456
12 1 3 4 .5 92 455
13 - 87 448
Ik - 86 440
x x x l5 1 3 4 .5 87 455
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Time 
( d a y s )
W eig h t  U r i n e  volume Serum s a l i c y l a t e  
(/Kg./®1 , ) •
452
( l b . ) *  ( f l .  oz*)«
17 83
7818 I 3 .6 450
19 465
xx com bined  s a l i c y l a t e  and b i c a r b o n a t e  t h e r a p y  begun ,  
xxx b i c a r b o n a t e  d i s c o n t i n u e d .
Comment: I n  t h i s  c a s e ,  u r i n e  vo lume,  serum s a l i c y l a t e
c o n c e n t r a t i o n ,  and body w e i g h t  a l l  r e m a in ed  r e a s o n a b l y  
c o n s t a n t  t h r o u g h o u t .  T h i s  s u g g e s t s  t h a t  when t h e  f l u i d  
i n t a k e  i s  r e s t r i c t e d ,  i n c r e a s e d  d i u r e s i s  c h an g es  i n  t h e  
e x t r a c e l l u l a r  f l u i d  a r e  much l e s s  marked,  and t h a t  s e v e r a l  
of t h e  f a c t o r s  w h ic h  a f f e c t  t h e  serum s a l i c y l a t e  l e v e l  a r e  
t h e r e b y  e l i m i n a t e d .
-  89 -
C ase  4s  T h i s  s u b j e c t  v a s  a normal  h e a l t h /  male  aged 
26 / e a r s .  He r e c e i v e d  2C g r .  sodium s a l i c / l a t e  and 2c g r .  
sodium b i c a r b o n a t e  e v e r y  f o u r  h o u r s  f o r  t h r e e  d a y s ,  t h e n  
sodium s a l i c y l a t e  a l o n e  f o r  t e n  d a y s .  A f t e r  an i n t e r v a l  
o f  s i x  d a y s ,  sodium s a l i c y l a t e  ana  sodium b i c a r b o n a t e  were 
g i v e n  e v e r y  f o u r  h o u r s ,  i n  t h e  same d o s a g e  a s  b e f o r e ,  f o r  
13 d a y s ,  t h e n  sodium s a l i c y l a t e  a l o n e  f o r  s f u r t h e r  J d a y s .  
A second  p e r i o d  o f  s i x  d a y s  was a l l o w e d  t o  e l a p s e ,  and t h e  
s u b j e c t  was g i v e n  sodium s a l i c y l a t e  f o r  3 d ay s  f o l l o w e d  by 
com bined  s a l i c y l a t e  and b i c a r b o n a t e  t h e r a p y  f o r  8 d a y s ,  and 
l a s t l y  sodium s a l i c y l a t e  a l o n e .
Be s a l t  s i
T i n e  











Body w e ig h t  
( l b . ) •
1 3 4 .3
1 3 5 .5
1 3 5 .2
134
U r i n e  volum e 
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Time 
( d a y s . ) .
Body w e i g h t  
( i t . ) .
U r i n e  volume 
( f“l  • o z * ) •
Seram s« 
(/^g./n
10 - 65 4 5 0
11 134 66 456
12 134 64 450
13 134 68 455
1 133 90 200
2 - 103 250
3 134 95 258
4 - 110 264
5 1 3 4 .5 106 275
6 - 95 285
7 135 98 300
8 - - 300
9 1 3 5 .4 108 325
10 - 96 325
11 1 3 5 .7 - 314
12 - - 310
13 1 3 5 .8 97 285
14 - 102 335
15 134 97 350
16 - 95 350
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Time Body w e i g h t  U r in e  vo lume Serum s a l i c y l a t e
( d a y s . ) -  ( l b - ) -  ( f l -  oz .  ) .  (ug . / m l . ) .
19 -  70 400
20  I 33  68 415
 • • • •  S i x  d a y s '  i n t e r v a l  .......................
1 133 60  457
2 1 3 3 .1  63  490
3 1 3 2 .8  67 450
A- 1 3 3 -3  -  4 8 0
5 1 3 3 -3  52 512
6 -  110  465
7 1 3 4 -6  113 420
8 -  104 398
9 135 -  387
10  -  112  406
U  135-8  -  450
12 -  112 468
13 1 3 5 -8  -  500
14 13 5 -2  I 06  495
15 1 3 4 .7  110  520
16  1 3 4 -1  -  510
17 1 3 3 -8  98 490
18 -  510
Comment: F i r s t  p e r i o d :  D u r i n g  t h e  t h r e e  d a y s  o f  combined
G ra(o h XX.
Saouno pm/j
§ I  g g
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t r e a t m e n t  a t  t h e  b e g i n n i n g  o f  t h e  i n v e s t i g a t i o n ,  t h e  body 
w e ig h t  r o s e  s h a r p l y ,  w h i l e  t h e  serum s a l i c y l a t e  l e v e l  
r e m a i n e d  a p p r o x i m a t e l y  c o n s t a n t ,  and t h e  u r i n e  o u t p u t  r o s e  
s l i g h t l y *  When t h e  a l k a L i  was s t o p p e d ,  t h e  body w e i g h t  
f e l l  b a c k  t o  i t s  o r i g i n a l  v a l u e  o v e r  a p e r i o d  o f  f i v e  d a y s ,  
and r e m a i n e d  c o n s t a n t  t h e r e a f t e r .  Meanwhile  t h e  serum 
s a l i c y l a t e  r o s e  r a p i d l y  f o r  f i v e  d a y s ,  t h e n ,  l i k e  t h e  body 
w e i g h t ,  r e m a i n e d  c o n s t a n t .  When t h e  b i c a r b o n a t e  
a d m i n i s t r a t i o n  was s to p p e d  t h e  u r i n e  volume b egan  to  f a l l  
u n t i l  i t  r e a c h e d  t h e  o r i g i n a l  f i g u r e  on t h e  f i f t h  d a y .  
T h e r e a f t e r  i t  f l u c t u a t e d  o n ly  s l i g h t l y .
Second  p e r i o d :  The body w e ig h t  showed an  e a r l y  and g r a d u a l
r i s e  u n t i l  t h e  a l k a l i  was s to p p e d  on t h e  t h i r t e e n t h  d a y ;  
a f t e r  t h a t ,  t h e r e  was a r e t u r n  to normal  i n  a r e l a t i v e l y  
s h o r t  t i m e .
The u r i n e  o u t p u t  f l u c t u a t e d  s l i g h t l y  d u r i n g  t h e  t h i r t e e n  
d a y s  o f  combined  t r e a t m e n t ,  and when b i c a r b o n a t e  was s t o p p e d ,  
f e l l  t o  a lo w e r  l e v e l  i n  two d a y s ,  r e m a i n i n g  f a i r l y  c o n s t a n t  
t h e r e a f t e r .
The serum s a l i c y l a t e  c o n c e n t r a t i o n  r o s e  d u r i n g  t h e  f i r s t  
n i n e  d a y s  o f  com bined  t r e a t m e n t  from 200 m ic ro g ram s  p e r  ml.  
t o  350  m ic ro g r a m s  p e r  m l .  D u r i n g  t h e  f o l l o w i n g  f o u r  d a y s ,  
t h e  c o n c e n t r a t i o n  was f a i r l y  c o n s t a n t .  On c e s s a t i o n  o f  
b i c a r b o n a t e  a d m i n i s t r a t i o n  on t h e  t h i r t e e n t h  d a y ,  t h e  v a l u e  
o f  t h e  serum s a l i c y l a t e  began to  r i s e ,  and by t h e  t w e n t i e t h  
day was 415 A g /m l*
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T h i r d  p e r i o d s  When s a l i c y l a t e  was a d m i n i s t e r e d  a l o n e ,  
u r i n e  o u t p u t ,  serum s a l i c y l a t e  c o n c e n t r a t i o n ,  and body  
w e i g h t  r e m a in e d  f a i r l y  c o n s t a n t .  When combined s a l i c y l a t e  
and b i c a r b o n a t e  was begun  on t h e  f i f t h  d a y ,  t h e r e  was an  
im m e d ia te  r i s e  i n  t h e  u r i n e  o u t p u t ,  b u t  t h i s  soon  became 
c o n s t a n t  a t  a new h i g h e r  l e v e l .  Serum s a l i c y l a t e  
c o n c e n t r a t i o n  f e l l  s t e a d i l y  ana t h e  b o d y  w e i g h t  r o s e .  By 
t h e  n i n t h  day o f  th e  i n v e s t i g a t i o n  t h e  serum c o n c e n t r a t i o n s  
b eg an  t o  r i s e  a g a i n  and r e a c h e d  500yug/ml.  by th e  t h i r t e e n t h  
d a y ,  when t h e  a l k a l i  was s to p p e d .  T h e r e a f t e r  l e v e l s  
r e m a in e d  c o n s t a n t ,  b u t  w i t h  c e s s a t i o n  o f  b i c a r b o n a t e  t h e  body  
w e i g h t  and  u r i n e  o u t p u t  a g a i n  b eg an  t o  f a l l .
Th e se  r e s u l t s  a g a i n  s u g g e s t  t h a t  t h e r e  i s  a t e n d e n c y  
f o r  serum s a l i c y l a t e  l e v e l s  t o  r i s e  f rom r e l a t i v e l y  low 
c o n c e n t r a t i o n  i f  a s u f f i c i e n t  p e r i o d  i s  a l l o w e d  f o r  
e q u i l i b r i u m  to  be r e a c h e d  b e tw e e n  t h e  amount o f  d r u g  e x c r e t e d  
i n  t h e  u r i n e  and  t h e  amount r e t a i n e d  i n  t h e  t i s s u e s  and  
c i r c u l a t i n g  i n  t h e  b l o o d .  The a d m i n i s t r a t i o n  o f  sodium 
b i c a r b o n a t e  w i t h  th e  sodium s a l i c y l a t e  a p p e a r s  to d e l a y  t h e  
a t t a i n m e n t  o f  optimum s a l i c y l a t e  c o n c e n t r a t i o n  o f  o v e r  350 
y w g . / m l . ,  s i n c e  such  c o n c e n t r a t i o n s  a r e  found 2 4 -4 8  h o u r s  a f t e r
s
tthe a d m i n i s t r a t i o n  o f  sodium s a l i c y l a t e  a l o n e  i n  a d e q u a t e  
doses*
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C ase  5- T h i s  s u b j e c t  was a h e a l t h y  m a le  aged  40  y e a r s .  
Sodium s a l i c y l a t e  and sodium b i c a r b o n a t e  w e r e  a d m i n i s t e r e d  
t o g e t h e r  f o r  n i n e  d a y s  i n  a d o sa g e  o f  2q g r .  e v e r y  f o u r  
h o u r s .  The b i c a r b o n a t e  v a s  t h e n  s to p p e d ,  and s a l i c y l a t e  
g i v e n  a l o n e  f o r  a f u r t h e r  s ev en  d a y s .
The f l u i d  i n t a k e  v a s  r e s t r i c t e d  t o  55 o u n c e s  p e r  day .
R e s u l t s !
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Comment: Serum s a l i c y l a t e  c o n c e n t r a t i o n s  and t h e  body
w e ig h t  r e m a in e d  c o n s t a n t  t h r o u g h o u t  t h i s  i n v e s t i g a t i o n ,  
and t h e  u r i n e  o u t p u t  showed o n ly  a s l i g h t  r i s e  on t h e  
t h i r d  and f o u r t h  d a y s ,  and a g a i n  on t h e  e l e v e n t h  and 
t w e l f t h  days*
T h e se  r e s u l t  s u g g e s t  t h a t  t h e  r e s t r i c t i o n  o f  f l u i d  
i n t a k e  d e c r e a s e s  t h e  t e n d e n c y  f o r  sodium b i c a r b o n a t e  
a d m i n i s t r a t i o n  t o  l o w e r  t h e  serum s a l i c y l a t e  c o n c e n t r a t i o n .
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( b ) .  The E f f e c t  on t h e  Serum S a l i c y l a t e  c o n c e n t r a t i o n  
o f  c e r t a i n  c l i n i c a l  s t a t e s *
At t  h i s  j u n c t u r e ,  i t  was d e c i d e d  t o  compare  t h e  serum 
s a l i c y l a t e  l e v e l s  o b t a i n e d  when sodium s a l i c y l a t e  i n  
s t a n d a r d  d o s a g e  was a d m i n i s t e r e d  t o  no rm a l  s u b j e c t s  w i t h  
t h e  serum c o n c e n t r a t i o n  found  when t h e  d r u g  was g i v e n  t o  
p a t i e n t s  s u f f e r i n g  from c e r t a i n  s p e c i f i e d  d i s e a s e s -  The  
s t a n d a r d ,  d o s e  s e l e c t e d  was  0*13 gram p e r  k i l o  b o d y  w e i g h t ,  
a n d  t h e  d r u g  was a d m i n i s t e r e d  o r a l l y  e v e r y  f o u r  h o a r s -  
The f l u i d  i n t a k e  was u n r e s t r i c t e d ,  and t h e  serum s a l i c y l a t e  
was d e t e r m i n e d  d a i l y .
The c a s e s  i n v e s t i g a t e d  were a s  f o l l o w s -
1 .  Normal  s u b j e c t s :  f o u r  c s s e e  f ro m
t h e  s u r g i c a l  w ards  f r e e  f ro m  s e r i o u s  g e n e r a l  d iss s© © -
2 .  A c u t e  rheum at ism #  f o u r  e a s e s -
3 * p e r n i c i o u s  a n a e m ia :  t h r e e  e a s e s  o f
d i f f e r i n g  d e g r e e s  o f  s e v e r i t y .
4# C h r o n i c  m y e lo id  l e u k a e m i a :  t h r e e  -esses*
3-  C h r o n i c  u l c e r a t i v e  c o l i t i s :  t « o  e a s e s -
6 # g u b a c u t e  rheum a t  i sm :  ©ne c a s e -  'This
s u b j e c t  hah had r e c u r r e n t  a c u t e  sttae,ks o f  r h e u m a t i s m
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o v e r  a p e r i o d  o f  e i g h t  y e a r s ,  and was a d m i t t e d  t o  h o s p i t a l  
i n  one o f  t h e s e *  She was  f o u n d  t o  have a m arked  h y p o c h ro m ic  
a n a e m ia ,  m i t r a l  s t e n o s i s ,  and a u r i c u l a r  f i b r i l l a t i o n .
A f t e r  s i x t e e n  d a y s 1 t r e a t m e n t  w i t h  s a l i c y l a t e  she  d e v e l o p e d  
a c u t e  h e a r t  f a i l u r e ,  oedema,  and o l i g u r i a .
The r e s u l t s  o f  e a c h  g ro u p  a r e  shown i n  d e t a i l  i n  
t a b u l a r  f o rm ,  and the? meain l e v e l s  a r e  a l s o  r e c o r d e d  
g r a p h i  c a l l y *
R e s u l t s : Normal  s u b j e c t s .
TABLE XXIX*
Serum s a l i c y l a t e  ( / e g . / m l . )
D ay . 1 2 3 4 5 6 7 8 9 10
Case 1 . 350 377 370 382 390 379 382 380 394 408
C a se 2 . 4-02 422 404 410 398 399 388 406 420 400
Case 3- 374 38I 396 398 408 3 88 404 406 368 400
Ca s e  4* 362 377 .386 356 340 386 366 372 362 360
Mean. i 372 386 369 364 384 388 385 391 386 392
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A c u t e  Rheumatism*
TABLE XXX.
Serum s a l i c y l a t e  ( z ^ g . /m l . )
Day. i 2 3 4 5 6 7 8 9 10
C a s e 1. 180 232 308 316 328 337 338 326 333 358
C a s e 2 . 252 290 360 352 364 356 380 371 362 348
C ase 3- 236 332 3^2 339 321 332 328 316 330 312
Case 4 • 212 276 376 385 347 38 7 378 371 335 358
Mean<» 220 282 344 348 340 348 351 346 340 342
P e r n i c i o u s  an ae m ia .
TABLE XXXI*
Serum s a l i c y l a t e  ( /^ g . /m l* )
Day. 1 2 3 4 5 6 7 8 9 10
C ase 1 . 386 394 402 396 382 370 408 400 386 386
Case 2 . 370 386 378 384 378 388 398 366 374 372
Case 3- 390 390 396 408 414 439 400 386 398 406
Mean.» 382 390 392 296 388 399 402 384 386 388
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C h r o n i c  m y e l o i d  l e u k a e m i a .
TABLE XXXII..
Serum s a l i c y l a t e  ( i ^ g . / m l . )
Day. 1 2 3 4 5 6 7 8 9 10
C a s e 1. 440 4 3 6 452 444 438 450 464 442 452 460
C ase 2 . 430 4 3 0 436 442 456 440 444 448 4 4 4 450
Case 3- 444 4 8 0 450 422 456 431 472 438 460 464
Mean. 438 442 4 4  6 436 45C 440 460 442 452 458
C h r o n i c  u l c e r a t i v e  c o l i t i s .
TABLE XXXIII.
Serum s a l i c y l a t e  (/*fe*/ml«)
Day. 1 2 3 4 5 6 7 8 9 10
C a s e  1. 212 202 260 300 312 324 328 300 316 292
C a s e  2 . 220 246 276 332 312 316 290 324 320 308
Mean. 216 224 268 316 312 320 309 312 318 300
S u b a c u t e  r h e u m a t i s m .
TABLE XXXIV.
D a y * 1 2  3  K 5 6 7
Serum s a l i c y l a t e  328 344 331 33c 382 kOk 5 8 0
- C“g » / m l . )
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Comments; The serum s a l i c y l a t e  c o n c e n t r a t i o n s  o b t a i n e d  i n  
norm a l  i n d i v i d u a l s  r e c e i v i n g  a dose  o f  0 . I 3 g. p e r  k i l o g r a m  
b o d y  w e i g h t  r e m a in ed  r e a s o n a b l y  c o n s t a n t  f rom  t h e  second  day 
a f t e r  a d m i n i s t r a t i o n  o f  t h e  d r u g  was b egun .  R e s u l t s  i n  
c a s e s  o f  p e r n i c i o u s  anaem ia  were  s u b s t a n t i a l l y  t h e  same a s  
i n  n o rm a l  s u b j e c t s .
I n  a c u t e  r h e u m a t i s m ,  t h e  mean l e v e l  on t h e  f i r s t  day  
was l o w e r  t h a n  i n  normal  s u b j e c t s ,  and  a c o n s t a n t  l e v e l  o f  
t h e  d r u g  i n  t h e  serum was not a t t a i n e d  u n t i l  a f t e r  t h r e e  d a y s '  
t h e r a p y .
i n  t h e  c h r o n i c  m y e lo id  l eu k aem ia  g roup ,  maximum 
c o n c e n t r a t i o n s  o f  t h e  d r u g  were a t t a i n e d  on t h e  s eco n d  d ay ,  
and  t h e  v a l u e s  f o u n d  were a p p r e c i a b l y  h i g h e r  t h a n  i n  t h e  
o t h e r  g r o u p s .  These h i g h e r  c o n c e n t r a t i o n s ,  i t  i s  s u g g e s t e d ,  
m ig h t  hav e  b e e n  t h e  r e s u l t  o f  d i m i n i s h e d  e x c r e t i o n  by k i d n e y s  
whose f u n c t i o n  was i m p a i r e d  b e c a u s e  o f  c h r o n i c  anaemia o r  
l e u k a e m i c  i n f i l t r a t i o n .  Reduced r a t e  o f  d e s t r u c t i o n  o f  
s a l i c y l a t e  by t h e  l e u k a e m i c  l i v e r  m igh t  a l s o  b e  advanced  a s  
a c a u s e  o f  t h e  h i g h  b lo o d  l e v e l s .
i n  t h e  c h r o n i c  u l c e r a t i v e  c o l i t i s  c a s e s ,  mean serum 
s a l i c y l a t e  l e v e l s  o f  l e s s  t h a n  32cyug/ml* were o b t a i n e d  by 
t h e  f o u r t h  d a y .  These  f i g u r e s  s u g g e s t  t h a t  i n  t h i s  
c o n d i t i o n ,  a b s o r p t i o n  o f  s a l i c y l a t e  from t h e  i n t e s t i n a l  t r a c t  
i s  i m p a i r e d ;  o r  t h e  e x p l a n a t i o n  m ig h t  b e  t h a t  llhe i n c r e a s e d
l o s s  o f  w a t e r  i n  t h e  f l u i d  s t o o l s  i n c r e a s e d  th e  r a t e  o f  
e x c r e t i o n  o f  s a l i c y l a t e  and th u s  k e p t  t h e  c o n c e n t r a t i o n  i n
t h e  serum a t  a low;e r  l e v e l .
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S u b a c u t e  rh eu m a t ism  w i t h  c a r d i a c  f a i l u r e s  T h i s  
s u b j e c t  was g i v e n  t h e  s t a n d a r d  dose  o f  0 « l 3  g* sod ium  
s a l i c y l a t e  p e r  k i l o g r a m  body w e ig h t  f o r  12 d a y s  b e f o r e  
t h e  serum l e v e l s  r e p o r t e d  i n  t a b l e  XXXIV were  b egun .
On t h e  f o u r t h  day  o f  s a l i c y l a t e  t h e r a p y ,  a u r i c u l a r  
f i b r i l l a t i o n  d e v e l o p e d ,  t h e  p a t i e n t  became o e d e m a to u s ,  
a n d  t h e  u r i n a r y  o u t p u t  d i m i n i s h e d .  By t h e  s e v e n t h  d a y ,  
v o m i t i n g  was s e v e r e  and i t  was deemed i n a d v i s a b l e  t o  
m a i n t a i n  t r e a t m e n t  w i t h  s a l i c y l a t e .  No f u r t h e r  b l o o d  
s p e c i m e n s  were  o b t a i n e d .
The r i s e  i n  serum s a l i c y l a t e  c o n c e n t r a t i o n  a f t e r  
t h e  o n s e t  o f  c a r d i a c  f a i l u r e  a p p e a r e d  t o  be a d i r e c t  
r e s u l t  o f  t h e  a lm o s t  c o m p le te  s u p p r e s s i o n  o f  u r i n e  an d ,  
t h e r e f o r e ,  c o n s e q u e n t  r e d u c t i o n  i n  e l i m i n a t i o n  o f  
s a l i c y l a t e *  Some d e g r e e  o f  h e p a t i c  f a i l u r e  w a s  p r o b a b l y  
p r e s e n t  i n  a d d i t i o n ,  and  t h i s  f a c t o r  m ig h t  a l s o  b e  
c o n c e r n e d  w i t h  t h e  t e n d e n c y  o f  b l o o d  l e v e l s  t o  r i s e  a s  
d e s t r u c t i o n  o f  t h e  d r u g  i n  t h e  l i v e r  d e c r e a s e d .
The s u g g e s t i o n  h a s  b e e n  made e a r l i e r  t h a t  a n  i n c r e a s e  
i n  e x t r a c e l l u l a r  f l u i d s  m igh t  d e p r e s s  serum l e v e l s ,  and 
i t  seems r e a s o n a b l e  t o  b e l i e v e  t h a t  i n  t h i s  c a s e ,  oedema 
m ig h t  have  had a s i m i l a r  e f f e c t .  I f  t h e r e  had b e e n  no 
oedema,  i t  i s  l i k e l y  t h a t  t h e  serum c o n c e n t r a t i o n s  would 
have  b e e n  e v e n  h i g h e r ,  p r o v id e d  t h e  o t h e r  f a c t o r  -  r e n a l  
f a i l u r e  -  had b e e n  p r e s e n t  i n  t h e  same d e g r e e .
-  1q2 -
CHAPTER V I I .
THE INCIDENCE OP THE COMMONER GENERAL MANIPESTATICNS 
OP SALICYLISM.
. -  103 -
CHAPTER V I I .
T he  I n c i d e n c e  o f  t h e  Commoner G e n e r a l  M a n i f e s t a t i o n s
o f  S a l i c y l i s m .
The c a s e s  d e s c r i b e d  i n  t h i s  s e c t i o n  i n c l u d e  t h o s e  i n  
whom t o x i c  m a n i f e s t a t i o n s  were o b s e r v e d  a t  some s t a g e  d u r i n g  
t h e r a p y  w i t h  sodium s a l i c y l a t e  w h i l e  t h e  i n v e s t i g a t i o n s  
r e p o r t e d  i n  t h i s  t h e s i s  were b e i n g  c a r r i e d  o u t .  S i g n s  o f  
i n t o x i c a t i o n  a s s o c i a t e d  w i t h  an i n c r e a s e d  t e n d e n c y  to  
h a e m o r rh a g e  a r e  d e s c r i b e d  l a t e r ,  t h e  o b j e c t  a t  t h i s  j u n c t u r e  
b e i n g  t o  d e s c r i b e  t h e  i n c i d e n c e  o f  t h e  commoner s i g n s  and 
symptoms o f  s a l i c y l i s m ,  and t o  d e t e r m i n e  w h e t h e r  t h e s e  have  
an y  r e l a t i o n s h i p  t o  t h e  c o n c e n t r a t i o n  o f  t h e  d r u g  i n  t h e  b l o o d .
The t o t a l  number  o f  s u b j e c t s  s t u d i e d  i n  t h e  c o u r s e  o f  
t h e  work d e s c r i b e d  in  t h i s  t h e s i s  was 94# o f  t h e s e ,  88 
d e v e l o p e d  one or  more symptoms a s c r i b e d  t o  s a l i c y l a t e  
a d m i n i s t r a t i o n .  These  symptoms can  be  c l a s s i f i e d  u n d e r  t h e  
f o l l o w i n g  h e a d i n g s :
1 .  E p i g s s t r i c  d i s c o m f o r t .
2 m N ausea .
3* V om itin g .
4 .  T i n n i t u s .
5-  D e a f n e s s .
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6 . V e r t i g o .
7» H eadache .
8 . O the rs*
I n  t h e  f o l l o w i n g  p a r a g r a p h s ,  e a c h  o f  t h e s e  i s  d e s c r i b e d  
w i t h  r e f e r e n c e  to  i n c i d e n c e ,  d e g r e e  o f  s e v e r i t y ,  and d u r a t i o n ,  
a s s o c i a t e d  w i t h  e a c h  o f  t h e  f o l l o w i n g  serum s a l i c y l a t e  
c o n c e n t r a t i o n s .
( a )  l e s s  t h a n  ICO m ic ro g ram s  p e r  ml.
( b )  IOC to  200 " " 11
( c )  200 t o  300 " " "
(d )  30O t o  450 " " "
1 .  E p i g a s t r i c  d i s c o m f o r t :
T h i s  e f f e c t  o f  s a l i c y l a t e  t h e r a p y  b e i n g  p u r e l y  s u b j e c t i v e ,  
c o m p l e t e  r e l i a n c e  had t o  be p l a c e d  on t h e  p a t i e n t 1s 
d e s c r i p t i o n .  L o s s  o f  a p p e t i t e  accom pan ied  by a vague  f e e l i n g  
o f  g a s t r i c  d i s t e n t i o n  was t h e  commonest c o m p la in t*  H e a r t b u r n  
was o c c a s i o n a l l y  m e n t io n e d ,  and when serum l e v e l s  were o v e r  
2 0 0 ^ g / m l . , t h i s  u s u a l l y  p re c e d e d  v o m i t i n g .  With 
c o n c e n t r a t i o n s  b e lo w  2 0 0 A g / m l . ,  d i s c o m f o r t  a f f e c t e d  t h e  
g r e a t e s t  p e r c e n t a g e  o f  s u b j e c t s  i n  th e  f i r s t  few d a y s  and 
became n e g l i g i b l e  l a t e r ,  w h e re a s  when t h e  serum c o n c e n t r a t i o n  
was g r e a t e r  t h a n  2 o O /^ g /m l .  t h i s  symptom g e n e r a l l y  p e r s i s t e d  
t h r o u g h o u t  t h e  p e r i o d  o f  a d m i n i s t r a t i o n  o f  t h e  d r u g .
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R e s u l t s :
TABLE XXXV.
( a )  Serum s a l i c y l a t e  below lOCy^g/ml.  12 c a s e s .  
Time
( d a y s )  1 2 3 4 6 8 l o  15 20 25 30
%age w i t h
symptoms.  25 40 4 0  25 17 17 9 0 0 0 0
( b )  Serum s a l i c y l a t e  100-200^ / c g . / m l .  16 c a s e s .
Time
( d a y s )  1 2 3 4 6 8 10 15 20 25 30
%age w i t h
symptoms. 31 38 38 38 31 25 ' 13 13 13 6 0
( c )  Serum s a l i c y l a t e  2 0 0 - 3 0 0 ^ > g . / m l .  30 c a s e s .
Time
( d a y s )  1 2 3 4 8 8 l o  15 2 o 25 30
%age w i t h  50 73 90 90 90 73  73 73 47 40  40
symptoms.
( d )  se rum  s a l i c y l a t e  3 0 0 - 4 5 0 ^ 8 / m l .  25 c a s e s
Time
( d a y s )  1 2 3 4  6 8 10 15 2 q 25 30
%age w i t h


























-  lo6 -
2 .  N a u s e a :
E p i g a s t r i c  d i s c o m f o r t  and nausea  f r e q u e n t l y  o c c u r r e d  
t o g e t h e r ,  b u t  t h e  i n c i d e n c e  o f  t h e  l a t t e r  was no t  so g r e a t .  
When t h e  h i g h e r  c o n c e n t r a t i o n s  o f  t h e  d r u g  were b e i n g  
m a i n t a i n e d ,  i t  f r e q u e n t l y  p r e c e d e d  v o m i t i n g ,  and i t  was most  
i n  e v i d e n c e  when h e a d a c h e  and t i n n i t u s  were most s e v e r e .
As t h e  a d m i n i s t r a t i o n  was c o n t i n u e d  f e w e r  c a s e s  were 
a f f e c t e d .  The s e c o n d  and t h i r d  days  o f  t r e a t m e n t  were t h e  
t i m e s  when n au sea  was most  t r o u b l e s o m e .
R e s u l t s ;
( d a y s )  1 2 3 4 6 8 10 15 2q 25 30
%age :
a f f e c t e d .  9 17 9 0 0 0 0 0 0 0 0
TABLE XXXVI.
( a )  Serum sa l i c y l a t e  be low  lO O x ^ g . /m l .  12 c a s e s
Time
Serum s a l i c y l a t e  100-200 16 c a s e s .
Time
( d a y s ) 1 2 3 4 6 8 10 15 2o 25 30
%b ge 
a f f e c t e d 13 19 19 13 13 13 13 6 6 o 0
XXIV.
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( c )  Serum s a l i c y l a t e  2 0 0 - 3 0 0 y ^ g . / m l .  30 c a s e s .
/
Time
( d a y s )  1 2 3 4 6 8 10 15 20 25 30
a f f e c t e d .  42 53 60 60 53 53 50 47 4 0  26 26
( d )  Serum s a l i c y l a t e  300-*450y^g*/m -^# 20 c a s e s .
Time
( d a y s )  1 2 3 4  6 8 10 15 20 25 30
% a g e
a f f e c t e d ,  65 75 85 85 75 75 75 75 75 75 75
3 . V o m i t i n g : •
T h i s  symptom o f  i n t o x i c a t i o n  was no t  o b s e rv e d  i n  any 
c a s e  wben t h e  serum s a l i c y l a t e  was below l o C / L g / m l . ,  and 
w i t h  v a l u e s  b e tw e e n  l o o m l  and 300 g / m l .  i t  t e n d e d  t o  
p a s s  o f f  a f t e r  t h e  s e c o n d  day.
W i th  c o n c e n t r a t i o n s  above 3 0 0 / ^ g / m l . ,  v o m i t i n g  p e r s i s t e d  
i n  a p p r o x i m a t e l y  50 p e r  c e n t  o f  c a s e s .  I n  t h r e e  c a s e s  i t  
was so s e v e r e  on t h e  second and t h i r d  d ay s  t h a t  a d m i n i s t r a t i o n
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was s to p p e d  f o r  24  h o u r s*  The c o n c e n t r a t i o n  o f  
s a l i c y l a t e  i n  t h e  serum was f o u n d  t o  b e  o v e r  520^ g . / r o l .  
When t h e r a p y  was resumed t h e  serum l e v e l s  w e r e  not  
a l l o w e d  t o  r i s e  above 4 0 0 ^ g . / m l »  and v o m i t i n g  d i d  n o t  
r e c u r .
R e s u l t s ;
TABLE XXXVII.
( a )  Serum s a l i c y l a t e  be low l 0 0 y ^ g - / m l .  No c a s e s ?
( b )  Serum s a l i c y l a t e  l 0 0 - 2 0 0 y ^ g - / m l .
Time
( d a y s )  1 2 3 4
%b ge
a f f e c t e d .  6 12 6 o
( c )  Serum s a l i c y l a t e  2oO -300y^g« /m l .  30 c a s e s .
Time
( d a y s )  1 2 3 4 6 8 10 15
J a g e
a f f e c t e d .  23  27 23  23 10 10 10 3
( d )  Serum s a l i c y l a t e  3 0 0 - 4 5 0 /^g*/rol* 20  c a s e s .
Time
( d a y s )  1 2 3 4 6  ^  10 15 20 25 30
%age
a f f e c t e d .  40 45 55 50 45 45 45 40  35 20 5

-  109 -
4* T i n n i t u s :
T i n n i t u s  o c c u r r e d  i n  a p e r c e n t a g e  o f  c a s e s  i r r e s p e c t i v e  
o f  t h e  serum s a l i c y l a t e  c o n c e n t r a t i o n *  I t s  i n c i d e n c e  and 
d u r a t i o n  were  s i m i l a r  to  t h o s e  o f  n a u s e a ,  a l t h o u g h  b o t h  
symptoms w ere  n o t  a lw a y s  co m p la in e d  o f  a t  t h e  same t i m e .  
A l t h o u g h  i t  was s e v e r e  i n  t h e  t h r e e  c a s e s  who s u f f e r e d  from 
e x c e s s i v e  v o m i t i n g ,  i t  was n e v e r  c o n s i d e r e d  n e c e s s a r y  t o  
c e a s e  a d m i n i s t r a t i o n  o f  th e  d r u g  on a c c o u n t  o f  t h i s  c o m p l a i n t  
a lo n e *
R e s u l t s :
TABLE XXXVIII.
(a) Serum s a l i c y l a t e  b e lo w  100^ g . / m l . 12 ca ses*
Time
( d a y s ) 1 2 3 4  6 8 10 15 20 25 30
%age
a f f e c t e d - 8 16 16 8 8 8 - - - -
( * ) Serum s a l i c y l a t e 10 0 -2 0 0 /*  g*/m1* 16 cases*
Time




a f f e c t e d 6 12 23 12 12 12 6 6 6 -  -
( c ) Serum s a l i c y l a t e 2 0 0 -300  Mg*/m l* 30 c a s e s .
Time
( d a y s ) 1 2 3
/
4 6 8 10 15 20 25 30
ge
a f f e c t e d . 40 53 53 50 50 50 50 43 40 30 10
<3rajbh XXV/.
|E E E # i4 # ? i
S W O ^ c /u k  V7/A^ z b v  o/o
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(a) Serum s a l i c y l a t e  3 0 0 - 4 5 0 ^ . / m l .  2q c a s e s .
Time
( d a y s )  1 2  3 4  6 8 10 15 20 25 30
a f f e c t e d .  70 85 90 90 85 85 75 70  70 50 30
5> D e a f n e s s :
T h i s  m a n i f e s t a t i o n  o f  s a l i c y l i s m  was commoner t h a n  
t i n n i t u s .  i n  t h o s e  c a s e s  where d e a f n e s s  and t i n n i t u s  were  
b o t h  p r e s e n t  i t  i s  p r o b a b l e  t h a t  s e v e r e  t i n n i t u s  a c c e n t u a t e d  
t h e  d e g r e e  o f  im p a i rm e n t  o f  h e a r i n g .
R e s u l t s :
TABLE XXXIX.
( a )  Serum s a l i c y l a t e  l e s s  t h a n  l o o / c g . / m l .  16 c a s e s .
Time
( d a y s )  1 2 3 4  6 8 10 15 20 25 30
a f f e c t e d .  6 19 25 25 12 6
( b )  Serum s a l i c y l a t e  l 0 0 ’”2 0 0 / x'g « /m l .  16 c a s e s .
Time
( d a y s )  1 2 3 4 6 8 10 15 2o 25 30
%age ^
a f f e c t e d .  13 25 44  44 36 3* 25 19 6 6 6
XXVII
oCT^ oo ^ . 2  [
SWjL/^ »*»£s V-/.f/v1 9&° %
cO
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( e )  Serum s a l i c y l a t e  200-300  i « . / m l .  30 c a s e s .
Time
( d a y s )  1 2 3 4  6 8 10 15 20 25 30
%age
a f f e c t e d .  4 0  50 57 57 43 43  43  43  33  25 l o
Time
( d a y s )  1 2 3 4  6 8 10 15 2o 25 30
%a ge
a f f e c t e d .  45 55 75 90 75 75 70 70 55 4 0  35
6 . V e r t i g o :
S u b j e c t i v e  s e n s a t i o n s  o f  v e r t i g o  a p p e a r e d  t o  be r e l a t e d  
t o  t h e  o c c u r r e n c e  o f  t i n n i t u s  and d e a f n e s s  when t h e  h i g h e r  
c o n c e n t r a t i o n s  o f  s a l i c y l a t e  were b e i n g  m a i n t a i n e d .  V e r t i g o  
was seldom p r e s e n t  i n  t h e  a b s e n c e  o f  th e  o t h e r  two symptoms*
R e s u l t s :
( d )  Serum s a l i c y l a t e  3 0 0 -4 5 0  icg./ m l .  2o cases*
T
TABLE XL*
( a )  Serum s a l i c y l a t e  l e s s  th a n
Tiqje
( d a y s )  1 2 3 4  6 8 10 15 20 25 30
16 c a s e s .
%age
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( b )  . Serum s a l i c y l a t e  l O O - ^ O O ^ g . / m l .  16 c a s e s .
T ime
( d a y s )  1 2  3 4  6 8 lo 15 20 25 30
% age
a f f e c t e d .  -  6 22 31  25 25 25 12 6 6 6
( e )  Serum s a l i c y l a t e  2 0 0 -3 0 0 y ^ g . / m l .  30 e a s e s .
Time
( d a y s )  1 2 3 4  6 8 10 15 2o 25 30
%age
a f f e c t e d .  22  33  50 50 50 50 40 40 2o 10 7
( d )  Serum s a l i c y l a t e  300-450 A 'g . /m l .  20 e a s e s .
Time
( d a y s )  1 2 3 4  6 8 10 15 20 25 30
%age
a f f e c t e d .  40 55 75 75 70 70 60  60 45 35 15
H ea d a c h e :
H eadache  was  p r e s e n t  i n  v a r y i n g  d e g r e e  a t  a l l  c o n cen ­
t r a t i o n s  o f  s a l i c y l a t e .  I t  d i d  not a p p e a r  t o  have  any 
d i r e c t  r e l a t i o n  to  t h e  o t h e r  symptoms o f  s a l i c y l i s m ,  h u t  
a s  a r u l e  when i t  was s e v e r e  o t h e r  e v id e n c e  o f  i n t o x i c a t i o n  
was a l s o  p r e s e n t .
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R e s u l t s ;
TABLE XL I .
( a )  Serum s a l i c y l a t e  l e s s  th a n  l 0 0 y * g . / m l .  16 c a s e s .
Time
( d a y s )  1 2 3 4  6 8 10 15 20 25 30
%age
a f f e c t e d .  6 12 12 6 -  - -  -  -  -
( b )  Serum s a l i c y l a t e  100-2 c o ^ g . / m l .  16 c a s e s .
Time
( d a y s )  . 1  2 3 4  6 8 10 15 20 25 30
% a g e
a f f e c t e d .  19 25 25 25 19 19 19 12 12 12 6
( c )  Serum s a l i c y l a t e  2 0 0 “ 3 0 0 / ^ g . / m l .  30 c a s e s .
Time
( d a y s )  1 2 3 4 6 8 10 15 2q 25 30
a f f e c t e d .  23  33 33  27 27 23 2o 10 10 3 3
( d )  Serum s a l i c y l a t e  3 0 0 - 4 5 0 / ^ g . / m l .  20 c a s e s .
Time
( d a y s )  1 2 3 4 6 8 10 15 20  25 30
%age













n g r f i u t e  \ f ( M  d & > %
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O t h e r  s i g n s  and  symptoms.
D a r i n g  the. r o u t i n e  i n v e s t i g a t i o n s ,  o t h e r  w e l l  known 
a c c o m p a n im e n t s  o f  s a l i c y l a t e  t h e r a p y  were  o b s e r v e d ,  h u t  t h e  
i n c i d e n c e  o f  t h e s e  was much low er  th a n  t h o s e  r e c o r d e d  above* 
They a r e  f o r  t h a t  r e a s o n  r e c o r d e d  b r i e f l y .
P r o t e i n u r i a  was d e t e c t e d  i n  f o u r  c a s e s  whose u r i n e  was 
norm a l  b e f o r e  t h e r a p y  was  b e g u n .  W i th in  a week o f  c e s s a t i o n  
o f  s a l i c y l a t e  a d m i n i s t r a t i o n  t h e  p r o t e i n  had d i s a p p e a r e d .
H ypernpea  was common i n  a s l i g h t  d e g r e e  b u t  o n ly  i n  t h r e e  
c a s e s  was i t  so s e v e r e  t h a t  f u r t h e r  t r e a t m e n t  w i t h  s a l i c y l a t e  
was r e g a r d e d  a s  i n a d v i s a b l e .
M e n t a l  c o n f u s i o n : Two s u b j e c t s  became c o n fu se d  a f t e r
t h e  serum s a l i c y l a t e  had been m a i n t a i n e d  a t  a l e v e l  o f  
a p p r o x i m a t e l y  4 0 c y^g* /m l*  f o r  t h r e e  d a y s .  E i g h t e e n  h o u r s  
a f t e r  c e s s a t i o n  o f  t r e a t m e n t ,  b o t h  s u b j e c t s  were p e r f e c t l y  
c l e a r  h e a d e d .
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CHAPTER V I I I .
BLOOD COAGULATION AND BROTHRQMBIN.
-  116 -  
CHAPTER V I I I .
B l o o d  C o a g u l a t i o n  and P r o t h r o m b i n .
A v a s t  l i t e r a t u r e  on t h e  s u b j e c t  o f  b l o o d  c o a g u l a t i o n  
h a s  a c c u m u l a t e d ,  b u t  t h e  p r o c e s s e s  i n v o l v e d  a r e  s t i l l  no t  
f u l l y  u n d e r s t o o d ,  and u n d e r s t a n d i n g  o f  t h e  v a r i o u s  t h e o r i e s  
a d v a n c e d  t o  a c c o u n t  f o r  t h e  phenomenon h a s  no t  b e en  made 
e a s i e r  by t h e  m u l t i p l i c i t y  o f  t e rm s  used  f o r  what a r e  
p r o b a b l y  i d e n t i c a l  f a c t o r s .  I n  a r e c e n t  r e v ie w ,  M i l s t o n e  
( 1 9 5 2 )  d e s c r i b e d  t h e  t h e o r y  a s  b e i n g  i n  a s t a t e  o f  u p h e a v a l .  
D e s p i t e  t h e  c o m p l e x i t y  o f  t h e  r e a c t i o n s  w hich  t a k e  p l a c e  
t h e  s i m p l i f i e d  scheme p ro p o se d  by E a g le  (1937)  b a s e d  on t h e  
t h e o r y  o f  M o ra w i tz  h a s  b e en  g e n e r a l l y  a c c e p t e d  a s  a w ork ing  
h y p o t h e s i s .  A c c o r d i n g  t o  t h i s  v iew ,  wben b l o o d  c l o t s  i t  
d o e s  so b e c a u s e  f i b r i n o g e n , a p r o t e i n  i n  t h e  p la sm a ,  i s  
c o n v e r t e d  t o  a n e tw o rk  of' i n s o l u b l e  f i b r i n  i n  which  t h e  b lo o d  
c e l l s  a r e  enm eshed .  The s u b s t a n c e  w h ich  i n t e r a c t s  w i th  t h e  
f i b r i n o g e n ,  c o n v e r t i n g  i t  t o  f i b r i n ,  i s  t h r o m b i n . I t  i s  not  
g e n e r a l l y  a g r e e d  w h e th e r  o r  not  t h i s  c o n v e r s i o n  i s  a 
c a t a l y t i c  r e a c t i o n ,  and  t h e  n a t u r e  o f  t h e  a l t e r a t i o n  which 
t a k e s  p l a c e  i n  t h e  f i b r i n o g e n  m o l e c u l e  i s  s t i l l  o b s c u r e .
The c i r c u l a t i n g  p r e c u r s o r  o f  th ro m b in  i s  c a l l e d  p r o th r o m b i n ,  
and i s  a p r o t e i n  o c c u r r i n g  i n  t h e  g l o b u l i n  f r a c t i o n  and 
c o n t a i n i n g  4 p e r  c e n t  c a r b o h y d r a t e .  Thrombin i t s e l f  does
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n o t  e x i s t  i n  t h e  f r e e  s t a t e  i n  c i r c u l a t i n g  h l o o d ,  s i n c e  i t s  
p r e s e n c e  would  c a u s e  c o a g u l a t i o n *
In  t h e  c l a s s i c a l  t h e o r y ,  t h e  c o n v e r s i o n  o f  p r o th r o m b i n  
t o  t h r o m b i n  i n v o l v e s  a t  l e a s t  two o t h e r  f a c t o r s :  
t h r o m b o p l a s t i n , and  Calcium i o n s . T h r o m b o p l a s t i n  i s  
g e n e r a l l y  d i s t r i b u t e d  t h r o u g h o u t  t h e  t i s s u e s ,  and  when b lo o d  
i s  s h e d ,  d i s i n t e g r a t i n g  p l a t e l e t s  l i b e r a t e  t h r o m b o p l a s t i n  
and t h e  c l o t t i n g  mechanism i s  s e t  i n  m o t i o n .
T h i s  s i m p l i f i e d  scheme can be r e p r e s e n t e d  t h u s :
P r o t ,h ro m b in  + Ca+*-f t h r o m b o p l a s t i n — > Throm bin
Thrombin  + f i b r i n o g e n — > F i b r i n  ( c l o t )
I n  p a r e n t h e s i s ,  i t  may be  n o te d  h e r e  t h a t  L o v e lo c k  and 
B u r c h  ( 1 9 5 f )  r e p o r t e d  e x p e r i m e n t s  which t h e y  had c a r r i e d  o u t  
i n  v i t r o ,  t h e  r e s u l t s  o f  which  s u g g e s t e d  t h a t  t h e  e l e m e n t  
c a l c i u m  was not  e s s e n t i a l  f o r  c l o t t i n g ,  b u t  t h a t  t h e  
a n t i c o a g u l a n t  a c t i v i t y  o f  o x a l a t e ,  c i t r a t e ,  and f l u o r i d e  i o n s  
was due  t o  t h e i r  i o n i c  c h a r g e  and n o t  t o  t h e i r  i n c i d e n t a l  
p r o p e r t y  o f  r em o v in g  c a l c iu m  i o n s  from s o l u t i o n .
I n  t h e  p r e s e n t  s t u d y ,  t h e  e f f e c t  o f  s a l i c y l a t e  on t h e  
p r o t h r o m b i n  l e v e l  o f  b l o o d  h a s  been  i n v e s t i g a t e d ;  i t  i s  
p e r t i n e n t ,  t h e r e f o r e ,  a t  t h i s  s t a g e  t o  r e f e r  t o  some 
c h a r a c t e r i s t i c s  o f  t h i s  c o n s t i t u e n t  o f  t h e  b l o o d .
B r i n k h o u s  (1940)  and E d s a l l  (1944)  s t a t e  t h a t  p r o th r o m b i n  
i s  a s s o c i a t e d  w i t h  t h e  p s e u d o g l o b u l i n  f r a c t i o n  o f  t h e  plasma
-  118 -
p r o t e i n ,  and h a s  a minimum s o l u b i l i t y  a t  pH 5*3 I t  can 
be  s a l t e d  o u t  a t  b e tw e e n  one t h i r d  and h a l f  s a t u r a t i o n  
w i t h  ammonium s u l p h a t e ,  and can be  p r e c i p i t a t e d  by t h e  
a d d i t i o n  o f  a c e t o n e  t o  p lasm a-  I t  i s  n o n - d i a l y s a b l e  
t h r o u g h  c o l l o d i o n  and c e l l o p h a n e .  A number o f  c o l l o i d a l  
s u b s t a n c e s ,  s u c h  a magnesium ana a lum in ium  h y d r o x i d e s ,  can 
be u sed  to  a d s o r b  p r o th r o m b i n .  I t  i s  t h e r m o l a b i l e ,  b e i n g  
d e s t r o y e d  by m a i n t a i n i n g  a t  3 6 °c  f o r  t h i r t y  m i n u t e s ,  and 
somewhat  more  s lo w ly  a t  room t e m p e r a t u r e .  I n  f r o z e n  plasma 
i t  can  be p r e s e r v e d  f o r  weeks .
C ru d e ,  b u t  b i o l o g i c a l l y  a c t i v e ,  s a m p le s  o f  p r o th r o m b i n  
w ere  e x t r a c t e d  by M e l l a n b y  (T930)  and S e e g e r s  ( 1 9 3 8 ) .
The S o u rce  o f  p r o t h r o m b i n .
The s u g g e s t i o n  t h a t  t h e  bone marrow was t h e  s o u r c e  o f  
p r o t h r o m b i n  was made by W o h l i sch  ( 1 9 2 9 ) ,  b u t  B a r n e s  (1941)  
r e p o r t e d  t h a t  t h e  d e p r e s s i o n  o f  bone  marrow a c t i v i t y  i n  
a n i m a l s  by l a r g e  d o s e s  o f  X - r a y  d i d  no t  cau se  any a l t e r a t i o n  
i n  t h e  p la sm a  p r o t h r o m b i n  c o n c e n t r a t i o n .
Sm i th  (1937)  and h i s  a s s o c i a t e s  p ro d u c e d  a h e p a t i t i s  
by a d m i n i s t e r i n g  c h l o r o f o r m  t o  e x p e r i m e n t a l  a n i m a l s ,  and 
o b s e r v e d  t h a t  t h i s  e f f e c t  was accom pan ied  by a f a l l  i n  t h e  
p lasm a  p r o t h r o m b i n  l e v e l  w i t h i n  24 h o u r s ,  w i t h  a r e t u r n  t o  
normal  i n  a b o u t  s i x  d a y s .
Q uick  ( 1 9 3 8 ) made s i m i l a r  o b s e r v a t i o n s  on dogs  w h ic h
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had  b e e n  s u b j e c t e d  t o  t h e  d e l e t e r i o u s  e f f e c t s  o f  c h l o r o f o r m  
on l i v e r  f u n c t i o n .  T h e se  f i n d i n g s  seemed to  p o i n t  t o  t h e  
l i v e r  a s  t h e  s i t e  o f  p r o th r o m b i n  f o r m a t i o n .
S t e w a r t  ( 1 9 3 9 )  and W ilson  (1940)  w o rk in g  i n d e p e n d e n t l y ,  
showed t h a t  t h e  a d m i n i s t r a t i o n  o f  v i t a m i n  K i n  norm al  
t h e r a p e u t i c  d o s a g e  had l i t t l e  e f f e c t  on th e  h y p o - p r o t h r o m b i n -  
aem ia  a s s o c i a t e d  w i t h  o b s t r u c t i v e  j a u n d i c e ,  and  P o h l e  and 
S t e w a r t  ( 1 9 4 1 )  d e s c r i b e d  a number o f  s i m i l a r  c a s e s  w i t h  
e x t e n s i v e  d e s t r u c t i o n  of' l i v e r  t i s s u e  i n  which  t h e y  
c o n s i d e r e d  t h e  p lasm a  p r o t h r o m b i n  c o n c e n t r a t i o n  t o  be  a 
u s e f u l  i n d e x  o f  l i v e r  f u n c t i o n .
K a r k  ( I 9 4 I ) ,  h o w ev er ,  i n v e s t i g a t e d  a s e r i e s  o f  s u b j e c t s  
w i t h  o b s t r u c t i v e  j a u n d i c e ,  a n d  he was u n a b le  to  r e p o r t  any 
r e l a t i o n  b e tw e e n  t h e  d e p r e s s i o n  o f  p r o th r o m b i n  c o n c e n t r a t i o n  
and t h e  r e s u l t s  o f  t h e  h i p p u r i c  a c i d  e x c r e t i o n  t e s t  o f  
h e p a t i c  f u n c t i o n -
L u c i a  and A g g e l e r  ( I 9 4 I )  made a s i m i l a r  s t u d y ,  and 
r e a c h e d  t h e  same c o n c l u s i o n s .
Bay (1 9 4 0 )  and K o h l e r  (1940)  s u g g e s t e d  t h a t  a more 
a c c u r a t e  a s s e s s m e n t  o f  h e p a t i c  f u n c t i o n  m ig h t  be  a c h i e v e d  
by o b s e r v i n g  t h e  r e s p o n s e  o f  t h e  p r o th r o m b i n  l e v e l  t o  v i t a m i n  
K a d m i n i s t r a t i o n  r a t h e r  t h a n  by s im p ly  making o b s e r v a t i o n s  
on t h e  o r i g i n a l  p r o t h r o m b i n  c o n c e n t r a t i o n .  The same 
s u g g e s t i o n  was p u t  f o r w a r d  by Lord  and A ndrus  (1941)  b u t  
t h e y  d id  no t  c l a i m  t h a t  t h e  t e s t  c o u ld  be more t h a n  a c ru d e  
i n d e x  o f  h e p a t i c  e f f i c i e n c y .
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The E s t i m a t i o n  o f  t h e  P r o th r o m b i n  C o n t e n t  o f  p l a s m a .
H i s t o r i c a l : N e a r l y  f o r t y  y e a r s  ago ,  Howell  (1914)  d e s c r i b e d
a method  o f  e s t i m a t i n g  t h e  a mount o f  p r o th r o m b i n  i n  t h e  b l o o d  
w h ich  c o n s i s t e d  e s s e n t i a l l y  o f  m e a s u r in g  t h e  t im e  r e q u i r e d  
f o r  c o a g u l a t i o n  a f t e r  r e c a l c i f i c a t i o n  o f  p lasm a from w h ich  
c a l c i u m  i o n s  had p r e v i o u s l y  b e e n  removed.  An improved 
m ethod  w h ic h  was s u g g e s t e d  by Q u ick  (1935)  depended  on t h e  
a d d i t i o n  o f  an e x c e s s  o f  t h r o m b o p l a s t i n  t o  o x a l a t e d  p la sm a ,  
f o l l o w e d  by r e c a l c i f i c a t i o n *  At t h e  same t i m e ,  Quick showed 
t h a t  t h e  c o n c e n t r a t i o n  o f  f i b r i n o g e n  i n  normal b lo o d  v a r i e d  
f rom 0 . 3 - 0 . 7 5  p e r  c e n t ,  b u t  t h i s  v a r i a t i o n  had no e f f e c t  on 
t h e  c l o t t i n g  t i m e .
R a v i  d i n ,  R i e g e l ,  a n d  M o r r i s o n  (1940)  found  t h a t  t h e  
norm a l  p h y s i o l o g i c a l  v a r i a t i o n s  i n  t h e  plasma o f  h e a l t h y  
i n d i v i d u a l s  had a l s o  no e f f e c t  on t h e  c l o t t i n g  power ,  and 
Q u ick  c o n c l u d e d  t h a t  w i t h  a f i x e d  c o n c e n t r a t i o n  i n  o p t i m a l  
amount o f  Ca lc ium  and an e x c e s s  o f  t h r o m b o p l a s t i n ,  t h e  on ly  
v a r i a b l e  i n  t h e  f a c t o r s  c o n c e r n e d  i n  c o a g u l a t i o n  cou ld  be 
t h e  p r o t h r o m b i n .
The ’' p r o t h r o m b i n  t i m e ” a s  d e t e r m in e d  by Q u ick ’ s (1935)  
method i s  e n t i r e l y  d i f f e r e n t  from t h a t  found  by  H o w e l l ’ s 
m e th o d .  T h i s  l a t t e r  f i g u r e  i s  now known a s  t h e  C o a g u l a t i o n  
T im e , and  nbrmal  v a l u e s  may be  o b t a i n e d  when Q u ic k ’ s 
p r o t h r o m b i n  t im e  i s  o n l y  20 p e r  c e n t  o f  no rm a l .  I t  i s  f o r  
t h i s  r e a s o n  t h a t  n o rm a l  c o a g u l a t i o n  t i m e  i s  f r e q u e n t l y  found
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i n  s u b j e c t s  e x h i b i t i n g  h a e m o r r h a g i c  s i g n s ,  f o r  t h e  
p r o t h r o m b i n  t i m e  h a s  t o  be at  a low l e v e l  f o r  a c o n s i d e r a b l e  
p e r i o d  b e f o r e  any s i g n i f i c a n t  a l t e r a t i o n  i n  t h e  c o a g u l a t i o n  
t i m e  becomes a p p a r e n t .
A more i n t r i c a t e  method was d e v e lo p e d  by Sm i th ,  W arner ,  
and. B r i n k h o u s  ( 1 9 3 7 ) ,  i n  w h ic h  th e  e s t i m a t i o n  was c a r r i e d  out  
i n  two s t a g e s .  They f i r s t  c o n v e r t e d  t h e  p r o th r o m b i n  i n  
d e f i b r i n a t e d  p lasm a t o  t h r o m b i n ,  t h e n  ad d ed  f i b r i n o g e n  t o  
s e r i a l  d i l u t i o n s  o f  t h e  t h ro m b in  s o l u t i o n .  The c o a g u l a t i o n  
t i m e s  o b s e r v e d  were  c o n s i d e r e d  to be i n d i c a t i v e  o f  t h e  
p r o t h r o m b i n  c o n t e n t  o f  th e  o r i g i n a l  p lasm a .
i n  1937 Q uick  a nd Leu (1937)  announced  t h a t  t h e  r a t e  o f  
b l o o d  c o a g u l a t i o n  was a f u n c t i o n  o f  t h e  c o n c e n t r a t i o n  o f  
t h r o m b i n ,  and  t h a t  t h e  p r o d u c t i o n  o f  t h ro m b in  i n  o x a l a t e d  
p lasm a  was  p r o p o r t i o n a l  t o  c o n c e n t r a t i o n  o f  p r o th r o m b i n ,  
p r o v i d e d  t h a t  e x c e s s  o f  t h r o m b o p l a s t i n  was p r e s e n t  and t h a t  
an optimum amount o f  c a l c iu m  was added t o  t h e  s o l u t i o n  o f  
t h e  r e a c t a n t s .
Q u ic k ’ s method was a d o p te d  by Page (1 9 4 1 )  b u t  he 
s u b s t i t u t e d  a 1 :1 0 0 0  s o l u t i o n  o f  v i p e r  venom f o r  the  
t h r o m b o p l a s t i n  e x t r a c t  o f  r a b b i t ’ s b r a i n .  T h i s  m o d i f i c a t i o n  
was i n v e s t i g a t e d  by K le inm ann  ( 1 9 4 5 ) ,  who fo u n d  t h a t  t h e  
u se  o f  v i p e r  venom a l l o w e d  more f l e x i b i l i t y  i n  t e c h n i q u e  i n  
so f a r  a s  s m a l l  v a r i a t i o n s  i n  t h e  amount o f  c a lc iu m  i o n s ,  
o x a l a t e ,  o r  volume o f  b l o o d  used  d id  no t  a f f e c t  t h e  f i n a l
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r e s u l t  o b s e r v e d  t o  t h e  same e x t e n t  a s  when r a b b i t ’ s b r a i n  
e x t r a c t  was  used  a s  t h e  s o u r c e  o f  t h r o m b o p l a s t i n .  I n  t h e  
same y e a r ,  how ever ,  Hobson and W i l l s  (1941)  d e m o n s t r a t e d  
t h a t  when R u s s e l l  v i p e r  venom was used  a l o n e  a s  t h e  
t h r o m b o p l a s t i n ,  t h e  p r o t h r o m b i n  t im e  was  a f f e c t e d  by h a e m o l y s i s ,  
l i p a e m i a ,  t h e  p l a t e l e t  c o u n t  i n  v i v o ,  a n d  in  some c a s e s  by 
t h e  sp eed  and d u r a t i o n  a t  w n ich  t h e  b l o o d  was c e n t r i f u g e d .
They showed f u r t h e r  t h a t  by t h e  a d d i t i o n  o f  5 mg. l e c i t h i n  
t o  e a c h  m i l l i l i t r e  o f  serum s o l u t i o n ,  t h e s e  i n c o n s i s t e n c i e s  
were e l i m i n a t e d .  I n  p r a c t i c e ,  b r a i n  t i s s u e  has  been  found 
much more  s a t i s f a c t o r y  t h a n  s n a k e  venom a s  a s o u r c e  o f  
t h r o m b o p l a s t i n ,  and t h e  u se  o f  venom h a s  b e e n  abandoned  by 
m o s t  w o r k e r s .
M e th o d : The t e c h n i q u e  f o l l o w e d  i n  t h i s  i n v e s t i g a t i o n  f o r
t h e  m easu rem en t  o f  t h e  p r o t h r o m b i n  c o n t e n t  o f  p lasma was 
a r r a n g e d  to  i n c l u d e  t h o s e  r e f i n e m e n t s  which  a p p e a r  t o  be  
e s s e n t i a l  t o  g i v e  c o n s i s t e n t  r e s u l t s ,  a nd a t  t h e  same t im e  
t o  be a s  s i m p l e  and p r a c t i c a l  a s  p o s s i b l e .
A p p a r a t u s  and R e a g e n t s .
1 .  A s e r i e s  o f  u n i fo r m  s e r o l o g i c a l  t e s t  t u b e s  was 
c a r e f u l l y  s e l e c t e d .  These  were c l e a n e d  i n  a b i c h r o m a t e -  
s u l p h u r i c  a c i d  m i x t u r e ,  r i n s e d  o v e r n i g h t  i n  r u n n i n g  t a p  
w a t e r ,  g i v e n  a f i n a l  r i n s e  i n  d i s t i l l e d  w a t e r ,  and d r i e d  
i n  a h o t  a i r  oven .
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2 .  0 . 1  M o la r  Sodium o x a l a t e  ( A n a l a r ) .
I .3 4  g. sodium o x a l a t e  i n  100 ml.  w a t e r .
3 . 0*02 M o l a r  C a lc ium  c h l o r i d e  ( A n a l a r ) .
0 . 2 5  g .  a n h y d r o u s  c a l c iu m  c h l o r i d e  was d i s s o l v e d  i n  IOC m l .  
w a t e r ,  s t a n d a r d i s e d  a g a i n s t  s i l v e r  n i t r a t e  s o l u t i o n ,  and 
a d j u s t e d  by d i l u t i o n  t o  c o n t a i n  0 .2 2 2  g .  c a l c i u m  c h l o r i d e  
p e r  100 ml.
4 .  T h r o m b o p l a s t i n  E x t r a c t .
B a c to  T h r o m b o p l a s t i n  ( D i f c o )  was u s e d ,  and p r e p a r e d  f o r  u se  
d a i l y .  The c o n t e n t s  o f  one ampoule were d i s s o l v e d  i n  4 m l .
0 .8 5  p e r  c e n t  sodium c h l o r i d e  s o l u t i o n  and i n c u b a t e d  a t  4 5 ° -  
50°C f o r  t e n  m i n u t e s  w i t h  o c c a s i o n a l  g e n t l e  s h a k i n g .
P r o c e d u r e : 45 ml* o f  v en o u s  b lo o d  were mixed i m m e d i a t e l y
a f t e r  c o l l e c t i o n  w i t h  0*5 m l .  sodium o x a l a t e  s o l u t i o n ,  and 
c e n t r i f u g e d  a t  1500 r e v o l u t i o n s  p e r  m in u te  f o r  f i v e  m i n u t e s -  
The p lasm a t h u s  o b t a i n e d  was i n s p e c t e d  f o r  h a e m o l y s i s ;  i f  
t h i s  was e v i d e n t ,  t h e  spec im e n  was d i s c a r d e d .
A c l e a n ,  d ry  s e r o l o g i c a l  t u b e  was p l a c e d  i n  t h e  37 °0  
w a t e r  b a t h  t o  a l l o w  t h e  g l a s s  t o  a t t a i n  t h e  same t e m p e r a t u r e .  
T u b e s  c o n t a i n i n g  t h e  t h r o m b o p l a s t i n  e x t r a c t  and t h e  c a l c iu m  
c h l o r i d e  s o l u t i o n  were t r e a t e d  s i m i l a r l y .
0*1 ml.  p la sm a  was t h e n  p l a c e d  i n  t h e  s e r o l o g i c a l  t u b e ,  
f o l l o w e d  by 0 .1  m l .  t h r o m b o p l a s t i n  e x t r a c t ,  and t h e  c o n t e n t s  
mixed by r o t a t i n g  t h e  t u b e .  0*1 m l .  c a lc iu m  c h l o r i d e
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s o l u t i o n  was t h e n  added by f o r c i b l y  b lo w in g  i t  i n  from t h e
p i p e t t e  and t h e  s t o p  w a tch  s t a r t e d .  T h i s  w a s  done most  
c o n v e n i e n t l y  w i t h  t h e  a i d  o f  an a s s i s t a n t .  The t u b e  was 
t h e n  r o t a t e d  g e n t l y  w h i l e  h e l d  i n  a s l o p i n g  p o s i t i o n ,  and 
c l o s e l y  o b s e r v e d  f o r  t h e  f o r m a t i o n  o f  d e l i c a t e  f i b r e s .
The a p p e a r a n c e  o f  t h e s e  was  t a k e n  a s  t h e  end p o i n t .  I t  
was f o u n d  by e x p e r i e n c e  t h a t  t h e  end p o i n t  c o u l d  be s e e n  
more e a s i l y  i f  t h e  s p e c i a l  w a t e r  b a t h  shown i n  t h e  p h o t o g r a p h  
was used.- T h i s  c o n s i s t s  o f  a p a t h o l o g i c a l  spec im en  j a r
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f i l l e d  w i th  w a t e r ,  s t a n d i n g  on a b l a c k  t i l e .  The v e s s e l  
i s  f i l l e d  w i t h  w a t e r  a t  37°C, a nd t h e  " A n g l e p o i s e ” lamp 
c o n t a i n i n g  a 100 w a t t  lamp i s  p l a c e d  so t h a t  i t  s h i n e s  
h o r i z o n t a l l y  t h r o u g h  t h e  j a r  w i t h  t h e  b u l b  a b o u t  one i n c h  
from t h e  g l a s s .  W i th  t h i s  a r r a n g e m e n t  t h e  t e m p e r a t u r e  o f  
t h e  w a t e r  i s  k e p t  a t  a t e m p e r a t u r e  o f  3 7 ° -3 8 ° C ,  a nd t h e  
f i r s t  a p p e a r a n c e  o f  t h e  f i b r i n  t h r e a d s  i s  e a s i l y  o b s e r v e d .
E x p r e s s i o n  o f  R e s u l t s *
The r e s u l t s  o f  p r o th r o m b i n  d e t e r m i n a t i o n  a r e  e x p r e s s e d  
by some w o r k e r s  a s  a P r o th r o m b i n  I n d e x , u s i n g  the  fo rm u la
P r o t h r o m b i n  Time o f  Normal Plasma x IQC
P r o t h r o m b i n  Time o f  T e s t  Plasma
T h i s  h a s  b e e n  shown t o  g i v e  m i s l e a d i n g  r e s u l t s ,  however ,
(W h i tb y  and B r i t t o n :  1950) ana a more s a t i s f a c t o r y  m easu re
o f  t h e  c o m p a r a t i v e  amount o f  p r o th r o m b in  i n  p lasma i s  
o b t a i n e d  by e x p r e s s i n g  t h e  r e s u l t s  a s  P r o th r o m b i n  A c t i v i t y .
The p r o t h r o m b i n  t i m e  i s  d e t e r m in e d  a s  d e s c r i b e d  ab o v e ,  u s in g  
a n o rm a l  p lasm a u n d i l u t e d  and a t  d i l u t i o n s  ( w i th  0*85 p e r  c e n t  
. s a l i n e )  c o n t a i n i n g  5 0 , 30,  20 , and 10 p e r  c e n t  p la sm a .
Prom t h e  r e s u l t s  o b t a i n e d  a c a l i b r a t i o n  c u r v e  i s  c o n s t r u c t e d *
The P r o t h r o m b i n  A c t i v i t y  o f  t h e  t e s t  p la sm a ,  e x p r e s s e d  a s  
p e r  c e n t  o f  n o rm a l ,  i s  d e t e r m in e d  by r e f e r e n c e  t o  th e  g r a p h .
A f r e s h  g r a p h  was made daiLy t h r o u g h o u t  t h e  i n v e s t i g a t i o n s  
on P r o t h r o m b i n  A c t i v i t y  r e p o r t e d  i n  t h i s  work, and a t y p i c a l  
°ne  i s  shown i n  g r a p h  XXX.
'-0
(syjuo^s) £ v QJ°IJ
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CHAPTER IX .
THE EFFECT OF SODIUM SALICYLATE ADMINISTRATION ON 
. PROTHROMBIN ACTIVITY.
(*•
-  12? -
GHAi^RR IX .
The E f f e c t  o f  Sodium S a l i c y l a t e  a d m i n i s t r a t i o n  
on P r o t h r o m b i n  A c t i v i t y *
The p r o t h r o m b i n  a c t i v i t y  was d e t e r m in e d  i n  36 s u b j e c t s  
who were r e c e i v i n g  sodium s a l i c y l a t e  o r a l l y .  They were 
d i v i d e d  i n t o  t h r e e  g r o u p s .
1 .  Tw elve  no rm a l  s u b j e c t s -
2 .  S e v e n t e e n  p a t i e n t s  s u f f f e r i n g  from v a r i o u s  c o n d i t i o n s .
3 . S even  c a s e s  s e l e c t e d  from p a t i e n t s  found  t o  be  
s u f f e r i n g  f rom v i t a m i n  C d e f i c i e n c y .
F u r t h e r  s t u d i e s  w i t h  v i t a m i n  G and v i t a m i n  K were  
c a r r i e d  o u t  on some o f  t h e s e  s u b j e c t s -  T h e se  i n v e s t i g a t i o n s  
a r e  d e s c r i b e d  and t h e  r e s u l t s  r e p o r t e d  i n  l a t e r  c h a p t e r s .
Group 1.  The E f f e c t  o f  t h e  a d m i n i s t r a t i o n  o f  Sodium 
S a l i c y l a t e  on t h e  P r o th r o m b i n  A c t i v i t y  o f  
Normal  s u b j e c t s *
R e s u l t s :
08 se  1* Sodium s a l i c y l a t e  d o s a g e :  5 g r a i n s  (0 * 3 3  g * )
e v e r y  f o u r  h o u r s .
Time 














Serum s a l i c y l a t e  



























T o t a l  amount o f  sodium s a l i c y l a t e  
a d m i n i s t e r e d  i n  tw e lv e  d a y s :  24 grams.
Comment: The a d m i n i s t r a t i o n  o f  0*33 £• sodium s a l i c y l a t e
-  128 -
e v e r y  f o u r  h o u r s  t o  a norm a l  s u b j e c t  c a u s e d  t h e  p r o t h r o m b i n  
a c t i v i t y  to  f a l l  t o  74 on t h e  s i x t h  day and t o  48 on t h e  
t w e l f t h  day  a f t e r  24  g.  had b ee n  a d m i n i s t e r e d .
-  129 -
Case 2.
Time 













P r o t h r o m b i n  a c t i v i t y  b e f o r e  a d m i n i s t r a t i o n  o f  
sodium s a l i c y l a t e s  112 p e r  c e n t .
Sodium s a l i c y l a t e  dosages  5 g r .  (0*33 g *) 
e v e r y  f o u r  h o u r s .
T&BLE XL11X.
Serum s a l i c y l a t e  


























T o t a l  amount o f  sodium s a l i c y l a t e  
a d m i n i s t e r e d  i n  tw e lv e  d a y s :  24 g*
Comment: The a d m i n i s t r a t i o n  o f  0*33g* sodium s a l i c y l a t e
e v e r y  f o u r  h o u r s  to  a normal  s u b j e c t  p rod u ced  a f a l l  i n  
p r o t h r o m b i n  a c t i v i t y  from 112 p e r  c e n t  t o  100 p e r  c e n t  on 
t h e  f i f t h  day ,  and a f i n a l  v a lu e  o f  41 p e r  c e n t  was o b t a i n e d  
on t h e  t w e l f t h  day ,  a f t e r  24 g* had  b e e n  g i v e n .
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Case 3 . P r o t h r o m b i n  a c t i v i t y  b e f o r e  sodium s a l i c y l a t e  
a d m i n i s t r a t i o n s  100%
Time 















Sodium s a l i c y l a t e  dosa, 
e v e r y  f o u r  h o u r s .
TABLE XLIV.
Serum s a l i c y l a t e  















5 g r .  ( 0 . 3 3  g . )















T o t a l  amount o f  sodium s a l i c y l a t e  a d m i n i s t e r e d  
i n  f o u r t e e n  d a y s :  23 g.
Comment; I n  t h i s  c a s e ,  a n ' i n i t i a l  p r o th r o m b in  a c t i v i t y  o f
100 p e r  c e n t  f e l l  t o  74 p e r  c e n t  a f t e r  sodium s a l i c y l a t e  had 
b e e n  g i v e n  i n  a dose o f  0 * 3 3  3 * e v e r y  f o u r  h o u r s  f o r  s i x  d a y s ,
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and a f t e r  f o u r t e e n  d a y s  o f  s i m i l a r  t r e a t m e n t  t h e  p r o th r o m b i n  
a c t i v i t y  was r e d u c e d  t o  50 p e r  c e n t  when a t o t a l  o f  28 g. o f  
t h e  d r u g  had  b e e n  g i v e n .
-  132 -
Case  4* Sodium s a l i c y l a t e  d osages  10 g r .  (0 *66  g . )
e v e r y  f o u r  h o u r s .
TABLE XLV.
Time  ^ Serum s a l i c y l a t e  P r o th r o m b i n  a c t i v i t y
( d a y s ) .  ^ g « / mT-#)
1 205 73











T o t a l  amount o f  sodium s a l i c y l a t e  a d m i n i s t e r e d  
i n  12 d a y s :  48 g*
Comments I n  t h i s  s u b j e c t ,  f o u r  h o u r l y  sodium s a l i c y l a t e
i n  a d o sa g e  o f  0*66 g. p r o d u c e d  a d e p r e s s i o n  i n  p r o th r o m b in  
a c t i v i t y  from 7 3  t o  60 on th e  f i f t h  d a y ,  and  a f t e r  t w e l v e  
d a y s  t h e  l e v e l  was f u r t h e r  r e d u c e d  t o  27 -  when a t o t a l  o f
48 g* o f  t h e  d r u g  had been  given*
-  133 -
C ase  5* Sodium s a l i c y l a t e  d o s a g e :  l o  g r a i n s  ( 0 .6 6  g . )
e v e r y  f o u r  h o u r s .
TABLE XLVI.
Time Serum s a l i c y l a t e  P r o th r o m b i n  a c t i v i t y














T o t a l  amount o f  sodium s a l i c y l a v e  g iv en  
i n  t h i r t e e n  d a y s ;  52 g .
Comment; T h i s  s u b j e c t  showed a d rop  i n  p r o th r o m b in
a c t i v i t y  f ro m  ICO t o  57  on t h e  f i f t h  d a y  o f  m e d i c a t i o n  w i t h  
s o d i u m  s a l i c y l a t e  i n  a d o s e  o f  10 g* f o u r  h o u r l y ;  on t h e  
t h i r t e e n t h  d a y ,  t h e  a c t i v i t y  had f a l l e n  t o  32 -  a f t e r  a t o t a l  
o f  52  g .  o f  s a l i c y l a t e  had  b e e n  a d m i n i s t e r e d .
-  I34 ~
C ase  6 . P r o t h r o m b i n  a c t i v i t y  b e f o r e  sodium s a l i c y l a t e
a d m i n i s t r a t i o n :  158%
Sodium s a l i c y l a t e  d o s a g e :  l o  g r .  ( 0 -6 6  g . )  
e v e r y  f o u r  h o u r s -
TABLE XLVII
Time Serum s a l i c y l a t e  P r o th r o m b i n  a c t i v i t y














T o t a l  amount o f  sodium s a l i c y l a t e  a d m i n i s t e r e d  
i n  t h i r t e e n  d a y s :  52 g.
Comment: When sodium s a l i c y l a t e  was g i v e n  f o u r  h o u r l y  i n
a d o se  o f  0 -6 6  g .  t o  t h i s  s u b j e c t ,  a f a l l  i n  p ro th r o m b in  
a c t i v i t y  from 158 t o  25 t o o k  p l a c e  i n  s i x  d a y s :  by th e  
t h i r t e e n t h  d a y ,  t h e  p r o th r o m b i n  a c t i v i t y  was 18.
-  135 -
Case  7* Sodium s a l i c y l a t e  d o sa g e s  15 g r a i n s  ( 1 . 0  g . )
e v e r y  f o u r  h o u r s .
TABLE XLVIII .
Time Serum s a l i c y l a t e  P r o th r o m b in  a c t i v i t y












12 332  21
T o t a l  q u a n t i t y  o f  s a l i c y l a t e  g i v e n :  72 grams.  
Comment: when g i v e n  sodium s a l i c y l a t e  i n  a dosage  o f  15
g r a i n s  ( 1 . 0  g . ) e v e r y  f o u r  h o u r s ,  t h i s  s u b j e c t  showed a f a l l  
i n  t h e  p r o t h r o m b i n  a c t i v i t y  o f  t h e  b l o o d  t o  77 on t h e  second 
d a y ,  48 on t h e  s i x t h  day ,  and 21 on t h e  t w e l f t h  d a y .  When 
t h i s  l e v e l  had b e e n  r e a c h e d ,  t h e  t o t a l  amount o f  sodium 
s a l i c y l a t e  a d m i n i s t e r e d  was 72 g ram s.
-  136 -
C ase  8-
Time













p r o t h r o m b i n  a c t i v i t y  b e f o r e  a d m i n i s t r a t i o n  
o f  sodium s a l i c y l a t e :  100%
Sodium s a l i c y l a t e  d o s a g e :  15 gr* ( 1 . 0  g . ) 
f o u r  h o u r l y .
TABLE XLIX.
Serum s a l i c y l a t e  


























T o t a l  q u a n t i t y  o f  sodium s a l i c y l a t e  g iv e n  
i n  t w e l v e  d a y s :  7 2  g*
Comment: T h i s  n o rm a l  c a s e  showed a f a l l  i n  p ro th r o m b in
a c t i v i t y  from t h e  i n i t i a l  l e v e l  of  100 to  67 a f t e r  f i v e  d a y s ,  
and a f i g u r e  o f  2o was r e a c h e d  on th e  t w e l f t h  day when 72 g* 
i n  a l l  had b e e n  a d m i n i s t e r e d .
-  137 -
Case 9 . Sodium s a l i c y l a t e  d o s a g e :  2o g r a i n s  (1-33 g*)
e v e r y  f o u r  hours*
TABLE L.
Time Serum s a l i c y l a t e  P r o th r o m b i n  a c t i v i t y












12  453 19
T o t a l  q u a n t i t y  o f  sodium s a l i c y l a t e  
g i v e n :  96 g.
Comment; 20  g r a i n s  o f  sodium s a l i c y l a t e  g i v e n  f o u r
h o u r l y  p r o d u c e d  a f a l l  i n  p r o th r o m b i n  a c t i v i t y  f rom 100 
to 63  i n  f o u r  d a y s :  by t h e  t w e l f t h  day t h e  p r o th r o m b i n
a c t i v i t y  had d ropped  t o  7> when 96 g* o f  sodium s a l i c y l a t e  
had been  a d m i n i s t e r e d .
-  138 -
Case  10* P r o t h r o m b i n  a c t i v i t y  b e f o r e  a d m i n i s t r a t i o n  o f
- sodium s a l i c y l a t e : 100#
Sodium s a l i c y l a t e  dosages  20 g r .  (1 .3 3  g . )
e v e r y  f o u r  h o u r s .
TABLE L I .
Time 
( d a y s ) .
Serum s a l i c y l a t e  P r o th r o m b in  3 c t i v i t y  












12 434 2 o
T o t a l  amount o f  sodium s a l i c y l a t e  a d m i n i s t e r e d
i n  t w e l v e  d a y s :  96 g-
Comments Sodium s a l i c y l a t e ,  when g i v e n  i n  a dose  o f  1*33
f o u r  h o u r l y  t o  t h i s  normal  s u b j e c t ,  c a u s e d  t h e  p r o th r o m b i n  
a c t i v i t y  t 0 f a l l  from 100#  to  49#  by t h e  f i f t h  day o f  t h e r a p y ,  
and by  t h e  t w e l f t h  d a y ,  when 96 g .  had been  a d m i n i s t e r e d ,  t h e  
p r o th r o m b i n  a c t i v i t y  was 2.Q%»
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C ase  11 • P r o t h r o m b i n  a c t i v i t y  b e f o r e  commencement
o f  sodium s a l i c y l a t e  t h e r a p y :  100%
Sodium s a l i c y l a t e  d osage: 25 g r . ( 1 .6 6  g . ) 
e v e r y  fo u r  h ou rs.
TABLE L I I .
Time Serum s a l i c y l a t e  P r o th r o m b i n  a c t i v i t y
( d a y s ) .  £ /< g . /m l . )  (%)
1 380 100
2 460  100
3 462 78
4  458 67
5 456 59
6 4 6 4  51
7 468 47
8 460  38
9 466 31
10 462 25
11 470  20
12 466  17
T o t a l  q u a n t i t y  o f  sodium s a l i c y l a t e  
a d m i n i s t e r e d  i n  tw e lv e  d a y s .  120 g*
Comment: The  p r o t h r o m b i n  a c t i v i t y  i n  t h i s  s u b j e c t  was 100%
b e o f r e  soa ium s a l i c y l a t e  t h e r a p y  was begun i n  a d o sag e  o f  
1 .6 6  g .  f o u r  h o u r l y .  A f t e r  t h r e e  d a y s  i t  was 78%, and by 
t h e  t w e l f t h  day i t  had  d ro p p ed  to  17%.
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Case  12 .  p r o t h r o m b i n  a c t i v i t y  b e f o r e  s a l i c y l a t e  
a d m i n i s t r a t i o n :  100%.
Sodium s a l i c y l a t e  d o s a g e :  20 g r .  e v e r y  
f o u r  h o u r s .
TABLE L I I I .
Time Serum s a l i c y l a t e  P r o th r o m b in  a c t i v i t y
( d a y s ) y r g . / m l . ) (%)
1 344 100











T o t a l  amount o f  sodium s a l i c y l a t e  
. a d m i n i s t e r e d *  96 g .
Comment: i n  t h i s  s u b j e c t ,  a f a l l  i n  p r o th r o m b i n  a c t i v i t y
from 100%' t o  77% a f t e r  f o u r  days* t r e a t m e n t  w i t h  2C g r .  
sodium s a l i c y l a t e  e v e r y  f o u r  h o u r s  was o b s e r v e d .  A f t e r  
tw e lv e  d a y s ,  t h e  a c t i v i t y  was 19%-
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T h e se  o b s e r v a t i o n s  on t h e  p r o th r o m b i n  a c t i v i t y  
f o l l o w i n g  t h e  a d m i n i s t r a t i o n  o f  sodium s a l i c y l a t e  t o  
h e a l t h y  i n d i v i d u a l s  show t h a t  t h e  d e p r e s s i o n  o f  t h e  
a c t i v i t y  becomes e v i d e n t  e a r l i e r  i n  t h e  i n v e s t i g a t i o n  
a s  h i g h e r  d o e e s  of' s a l i c y l a t e  a r e  g i v e n .  F u r t h e r ,  t h e  
e f f e c t  o f  s a l i c y l a t e  i s  c u m u l a t i v e  t o  some e x t e n t  s i n c e  
t h e  l o w e s t  l e v e l s  a r e  p ro d u ce d  a f t e r  s e v e r a l  days* 
t r e a t m e n t .  As h i g h e r  d o s e s  o f  t h e  d r u g  a r e  g i v e n ,  t h e  
g r e a t e s t  d e p r e s s i o n  o f  p r o th r o m b in  a c t i v i t y  a p p e a r s  to  
o c c u r  a f t e r  a s h o r t e r  t i m e ,  j u s t  a s  t h e  f i r s t  e f f e c t s  
a r e  s i m i l a r l y  o b s e r v e d  e a r l i e r  and  the  r a t e  o f  d e p r e s s i o n  
i s  more r a p i d .
-  1 4 2  -
G roup 1 *
The E f f e c t  o f  D i s c o n t i n u i n g  Sodium 
S a l i c y l a t e  A d m i n i s t r a t i o n  on t h e  
l o w e r e d  p r o th r o m b i n  A c t i v i t y .
R e s u l t  s i
C a s e  3 : The t o t a l  amount o f  sodium s a l i c y l a t e
a d m i n i s t e r e d  b e f o r e  t h e  d r u g  was s to p p e d  on the  f o u r t e e n t h  
day was 28 g * , and t h e  p r o th r o m b in  a c t i v i t y  t h e n  was 50*
TABLE LIV.
Time ( d a y s  from Serum s a l i c y l a t e  P r o th r o m b i n  a c t i v i t y ,
commencement o f
sodium s a l i c y l a t e  (/<&•/m l . )
a d m i n i s t r a t i o n )  /
14 170 50
15 80 50
16 -  64
17 -  100
18
19 -  100
20  -  100
21  -  100
22  -  100
Comments i n  t h i s  c a s e ,  on t h e  f o u r t h  day  a f t e r  a d m i n i s t r a t i o n  
o f  s a l i c y l a t e  had b e e n  d i s c o n t i n u e d ,  th e  p r o th r o m b in  a c t i v i t y
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had r e t u r n e d  t o  i t s  o r i g i n a l  l e v e l .
The t im e  t a k e n  f o r  t h e  plasma p r o th r o m b i n  a c t i v i t y  t o  
r e t u r n  to  no rm a l  f o l l o w i n g  t h e  d i s c o n t i n u a n c e  o f  t h e  d r u g  
i s  much s h o r t e r  th a n  t h e  t im e  r e q u i r e d  f o r  t h e  s a l i c y l a t e  
t o  b r i n g  a b o u t  t h e  maximum d e p r e s s i o n  o f  p ro th r o m b in  
a c t i v i t y  i n  a normal  s u b j e c t .
-  14V -
Case 6 . T o t a l  amount o f  sodium s a l i c y l a t e  a d m i n i s t e r e d  
b e f o r e  c e s s a t i o n  o f  s a l i c y l a t e  t h e r a p y  on t h e  t h i r t e e n t h  
day was  5 2  g . , a n d  t h e  p r o th r o m b in  a c t i v i t y  had f a l l e n  t o  
18 by t h a t  t im e .
TABLE LV.
Time ( d a y s  from Serum s a l i c y l a t e  B ro th ro m b in  a c t i v i t y ,
s t a r t  o f  s a l i c y l a t e
a d m i n i s t r a t i o n ) .  ^ /*g*/ tDl * )
11 274 18
12 120 39
13 -  72
14 -  158
15 -  158
16 -  158
17 -  158
18 -  158
158
Comment: The p r o t h r o m b i n  a c t i v i t y  r e t u r n e d  t o  i t s  i n i t i a l
l e v e l  on t h e  f o u r t h  day a f t e r  s t o p p i n g  t h e  a d m i n i s t r a t i o n  
o f  sodium s a l i c y l a t e .
The t i m e  t a k e n  f o r  t h e  p r o th r o m b in  a c t i v i t y  t o  r e t u r n  
t o  no rm a l  was t h e  same i n  t h i s  case  a s  i n  case  3 , a l t h o u g h  
i n  c a s e  6 t h e  dose  o f  t h e  d rug  w hich  was a d m i n i s t e r e d  e v e r y  
f o u r  h o u r s  was  tw ic e  t h e  amount g iv e n  a t  t h e  same i n t e r v a l s  
t o  c a s e  3 .
-  145 -
Case 11# T o t a l  amount o f  sodium s a l i c y l a t e  a d m i n i s t e r e d
when t h e  d r u g  was s to p p e d  on the  t w e l f t h  days  120 g* 
P r o t h r o m b i n  a c t i v i t y  on t h e  t w e l f t h  d ay :  YJ%
TABLE LVI.
Time ( d a y s  f rom  Serum s a l i c y l a t e .  P r o th r o m b in  a c t i v i t y ,
s t a r t  o f  s a l i c y l a t e  
a d m i n i s t r a t i o n ) .  ( /* g * /m l . ) .
12 466 17
13 3 1 0  17
14 163 27
15 -  51
16 -  78
17 -  100
18 -  100
19 -  100
20  -  100
~'0
i.00
Comment: I n  t h i s  case  120 g .  sodium s a l i c y l a t e  had been
g iv e n  o v e r  a p e r i o d  o f  tw e lv e  days  b e f o r e  d i s c o n t i n u i n g  
m e d i c a t i o n ,  compared w i t h  28 g .  and 52 g.  r e s p e c t i v e l y  which 
had b e e n  g i v e n  t o  c a s e s  3 and 6 . I t  was o b s e rv ed  t h a t  t h e  
p r o th r o m b i n  a c t i v i t y  r e t u r n e d  to  i t s  o r i g i n a l  l e v e l  s i x  days  
a f t e r  c e s s a t i o n  o f  t h e  a d m i n i s t r a t i o n  o f  s a l i c y l a t e ,  a l t h o u g h  
t h e  maximum d e p r e s s i o n  o f  t h e  p ro th r o m b in  a c t i v i t y  was 
o b t a i n e d  o n l y  a f t e r  tw e l v e  days  t r e a t m e n t .
-  146 -
Group 2 .
The E f f e c t  o f  t h e  A d m i n i s t r a t i o n  o f  Sodium 
S a l i c y l a t e  on t h e  P ro th r o m b in  A c t i v i t y  o f  
S u b j e c t s  s u f f e r i n g  f rom v a r i o u s  d i s e a s e s .
T h i s  g ro u p  o f  s u b j e c t s  c o n s i s t e d  o f  2o c a s e s  u n d e r g o in g  
i n v e s t i g a t i o n  i n  h o s p i t a l  f o r  v a r i o u s  c o n d i t i o n s ,  a s  f o l l o w s :
1 . P e r n i c i o u s  anaemia - 4 e a s e s -
2 . H y p e r t h y r o i d i s m  - 3 c a s e s -
3- C h r o n i c  m y e lo id  l e u k ae m ia  - 3 ca s e s -
4 . Rheum ato id  a r t h r i t i s  - 3 c a s e s .
5. U l c e r a t i v e  c o l i t i s  - 2 e a s e s -
6 . A c u t e  and s u b a c u te  rheum at ism -  5 c a s e s -
Sodium S a l i c y l a t e  M e d i c a t i o n .
-^oup i n  a
ux uo sage  oxu. x x a j.* buao auQjjueu iu  un,e i n v e s t i g a t i o n s  
c a r r i e d  o u t  on t h e  n o ir o a l  s u b j e c t s .
No r e s t r i c t i o n  was p l a c e d  on t h e  i n t a k e  o f  f l u i d  
t h r o u g h o u t  t h e  i n v e s t i g a t i o n -
-  147 -
The E f f e c t  o f  t h e  A d m i n i s t r a t i o n  o f  Sodium 
S a l i c y l a t e  on t h e  P r o th r o m b in  A c t i v i t y  o f  
S u b j e c t s  s u f f e r i n g  from v a r i o u s  d i s e a s e s .
P e r n i c i o u s  a n a e m i a . 
R e s u l t s ;  Case  1. Sodium s a l i c y l a t e  d o s a g e ;  0*13 g.  p e r  
K i l o  body w e igh t  e v e r y  f o u r  hours*
P r o th r o m b i n  a c t i v i t y  b e f o r e  a d m i n i s t r a t i o n  
o f  sodium s a l i c y l a t e :  33%.
Blood p i c t u r e :
T o t a l  r e d  c e l l  c o u n t
1 , 8000 ,000
Time ( days^




table l v i i






Comment: B e f o r e b e g i n n i n g t h e  a d m i n i s t r a t i o i
s a l i c y l a t e ,  t h e p r o th r o m b i n a c t i v i t y  was 27%
f i r s t  day o f  t h e  i n v e s t i g a t i o n ,  t h e  a c t i v i t y  f e l l  t o  21%
-  148 -
and by t h e  f i f t h  day a l e v e l  o f  13 had b e e n  r e a c h e d .  
S a l i c y l a t e  m e d i c a t i o n  was s to p p e d  on th e  f o u r t h  day b e c a u s e  
o f  t r o u b l e s o m e  v o m i t i n g ,  and on t h e  s i x t h  day  t h e r e  was 
some m e l a e n a .  O c c u l t  b lo o d  i n  t h e  f a e c e s  was d e t e c t e d  f o r  
t h e  n e x t  few  d a y s .  No o t h e r  h a e m o r rh a g ic  m a n i f e s t a t i o n s  
were o b s e r v e d .  Two d ay s  a f t e r  s t o p p i n g  s a l i c y l a t e  
a d m i n i s t r a t i o n  t h e  v o m i t i n g  cea se d  and d i d  no t  r e c u r .
-  149 -
p e r n i c i o u s  a n a e m i a .
R e s u l t s : C ase  2 .  Sodium s a l i c y l a t e  d o sag e :  0 * 1 5  g .
p e r  k i l o  body w e ig h t  e v e ry  f o u r  h o u rs
B lood  p i c t u r e :
T o t a l  r e d  c e l l  c o u n t .
2 , 7 2 0 , 0 0 0







Hb (% H a ldane)  
70
W.B.O-.
5 ,3 0 0
table  l v i i i .
Serum s a l i c y l a t e  














Comment; B e f o r e  b e g i n n i n g  s a l i c y l a t e  t h e r a p y  t h e  p r o th r o m b in  
a c t i v i t y  was 53^>, and  t h i s  f i g u r e  f e l l  to on t h e  second  
‘Jay .  On t h e  f o u r t h  day t h e  a c t i v i t y  had r e a c h e d  t h e  low 
l e v e l  o f  2 q and r em a in ed  a t  t h i s  v a l u e  f o r  t h e  r e m a i n d e r  o f  
t h e  i n v e s t i g a t i o n .  Ho t o x i c  m a n i f e s t a t i o n s  t h a t  c o u ld  he 
a s c r i b e d  to  t h e  s a l i c y l a t e  were n o t e d .
-  150 -
P e r n i c i o u s  a n a e m i a .
R e s u l t s ?  Case  3« Sodium s a l i c y l a t e  d o s a g e :  0 .1 3  g .  p e r
k i l o  body w e ig h t  e v e r y  f o u r  h o u r s .
Blood p i c t u r e :
T o t a l  r e d  c e l l  c o u n t .  Hb (% H aldane)  W*B*0*
6 1 0 ,0 0 0 86
TABLE LIX.
6 ,5 0 0
i ( d a y s ) . Serum s a l i c y l a t e  
( /< g . /m l . )







Comments Ho t o x i c  m a n i f e s t a t i o n s  were o b s e rv e d .  The 
p r o th r o m b i n  a c t i v i t y  was 100% b e f o r e  s a l i c y l a t e  a d m i n i s t r a t i o n  
was s t a r t e d ,  b u t  i t  f e l l  t o  78% on t h e  second  day o f  t r e a t m e n t ,  
and t o  20% on t h e  s i x t h  day .
-  151 -
P e r n i c i o u s  a n a e m i a .
R esu lts: Case 4* Sodium sa lic y la te  dosage: 0»l3 g. per
k ilo  body weight every four hours.
Blood p i c t u r e :
T o t a l  r e d  c e l l  c o u n t .  Hb (% H a ld a n e )  W«B*G.
4 , 4 2 0 , 0 0 0  103 8 . 2 0 0
TABLE LX.
Time ( d a y s )  Serum s a l i c y l a t e  P r o th r o m b in  a c t i v i t y
y ^ g . / m l . )  (%)
1 408 112
2 428 60
3 4^4  35
4 430  26
5 '  410  21
6 h 16 20
Comments Ho t o x i c  m a n i f e s t a t i o n s  were n o te d .  The 
P r o th r o m b i n  a c t i v i t y  which was i n i t i a l l y  112 j^ f e l l  t o  2o% 
on th e  s i x t h  d a y  and c l o s e l y  s i m u l a t e d  t h e  f i n d i n g s  i n  c a s e  3*
Prom t h e  r e s u l t s  ob t a ined  i n  a l l  f ou r  c a s e s ,  i t  a p p e a r s  
t h a t  t he  g r e a t e r  t he  s e v e r i t y  of t h e  anaemia,  t h e  lo w e r  i s  
t h e  i n d i v i d u a l * s p ro th romb in  a c t i v i t y ,  and t h a t  a d m i n i s t r a t i o n  
of  sodium s a l i c y l a t e  t o  the  p a t i e n t  w i l l  f u r t h e r  reduce  t h e  
a c t i v i t y .
-  152 -
H y p e r t h y r o i d i s m * 
R e s u l t s i Case  1*








Sodium sa lic y la te  dosages 0*13 g. per
k ilo  body weight.
B a s a l  M e t a b o l i c  R a te s  +46%.
TABLE LXI*
Serum s a l i c y l a t e  P r o th r o m b in  a c t i v i t y .  
^ g . / m l . )
322 30
3 6 4  
362 
3 6 6  









Comment; Cn t h e  n i n t h  day ,  t h e  p a t i e n t  s u f f e r e d  f ro m  
s e v e r e  e p i s t a x i s .  T h i s  may have been  r e l a t e d  t o  th e  low 
p r o t h r o m b i n  a c t i v i t y  o f  16. No p r e v i o u s  h i s t o r y  o f  b l e e d i n g  
was o b t a i n e d ,  and t w e n t y  f o u r  h o u rs  a f t e r  c e s s a t i o n  o f  
m e d i c a t i o n ,  t h e  c o n d i t i o n  had p assed  o f f  c o m p l e t e l y .
The i n i t i a l  p r o th r o m b in  a c t i v i t y  o f  30% f e l l  t o  15 on 
t h e  s i x t h  day .
-  153 -
H y p e r t h y r o i d i s m .
R e s u l t s ; C ase  2. sodium s a l i c y l a t e  d o s a g e :  0*13 g .  p e r
k i l o  body w e ig h t .
B a s a l  M e t a b o l i c  R a t e :  +6o%-
TABLE LXII •
Time ( d a y s ) -  Serum s a l i c y l a t e  p r o th r o m b in  a c t i v i t y .
1 412 53
2 443 43
3 446  29
4 442 20
5 440  19
6 438 19
7 445 19
A t ' 19
Comment; T h i s  c a s e  showed no t o x i c  m a n i f e s t a t i o n s -  
The p r o t h r o m b i n  a c t i v i t y  f e l l  from i t s  i n i t i a l  v a l u e  o f  
53 t o  20 a f t e r  f o u r  d ay s .
-  154 -
H y p e r t h y r o i d i s m * 
Re s a l t si  C ase  3*







Sodium sa lic y la te  dosage: 0*13 g* per
k ilo  body weight.
B a s a l  M e t a b o l i c  R a t e :  +44/i»*
TABLE L X I I I .
Seram s a l i c y l a t e  
















±uy f e l l  from
t o  23^0 a f t e r  two days  t r e a t m e n t  w i t h  s a l i c y l a t e ,  and re m a in ed  
a t  t h a t  l e v e l  u n t i l  t h e  a d m i n i s t r a t i o n  o f  t h e  d r u g  was s to p p e d  
on t h e  e i g h t h  day .
H y p e r t h y r o i d i s m  i s  f r e q u e n t l y  a s s o c i a t e d  w i t h  d i s t u r b e d  
l i v e r  f u n c t i o n ,  a n d  t h i s  im pa i rm en t  might  be t h e  c au se  o f  th e  
i n i t i a l  low p r o t h r o m b i n  a c t i v i t y .  The a d m i n i s t r a t i o n  o f  
s a l i c y l a t e  t o  s u c h  c a s e s  might  d e p r e s s  t h e  p ro th ro m b in  a c t i v i t y  
l o  a d a n g e r o u s l y  low l e v e l *
~ 155 -
C h r o n i c  m y e l o i d  l e u k a e m i a .
R e su its ;  Case 1.
Blood  p i c t u r e .  
R.B.C*
3 *350 ,000






h o u r s .
Hb (% H a ldane)  
48
TABLE LXIV.
Serum s a l i c y l a  t e  






Sodium s a l ic y la te  dosage; 0-13 g.
per k ilo  body weight every four
W.B.C.
250 ,000







Comment: The p r o t h r o m b i n  a c t i v i t y  was 28 b e f o r e  t h e r a p y  was
begun ,  a n d  f e l l  t o  24 on t h e  f i r s t  day .  On t h e  s i x t h  day 
e p i s t a x i s  b e g a n ,  and t h e r e  was a p u r p u r i c  r a s h  on t h e  arm s,  
l e g s ,  and u p p e r  p a r t  o f  t h e  c h e s t .  The b lood  p l a t e l e t  co u n t  
was 1 9 ,8 0 0  -  a l e v e l  above  t h a t  a t  which haem orrhage  u s u a l l y  
o c c u r s .  i t  was co n c lu d e d  t h a t  t h e  c o n d i t i o n  was p r i m a r i l y  
t h e  r e s u l t  o f  a lo w e re d  p r o th r o m b in  l e v e l ,  and a d m i n i s t r a t i o n  
of  s a l i c y l a t e  w a s  a t  once d i s c o n t i n u e d .
-  156 -
F o r  t h e  n e x t  two days  t h e r e  was i n t e r m i t t e n t  e p i s t a x i s ,  
t h e n  t h i s  symptom c e a s e d ,  b u t  d u r i n g  t h e  f o l l o w i n g  two weeks 
f r e s h  c r o p s  o f  p e t e c h i a e  c o n t i n u e d  t o  a p p e a r .  Throughou t  
t h i s  p e r i o d  v i t a m i n  K was a d m i n i s t e r e d  in  a dosage o f  20 mg. 
d a i l y .
The g r a d u a l  r e t u r n  t o  normal  o f  t h e  p ro th r o m b in  a c t i v i t y  
i s  d e s c r i b e d  l a t e r .
-  157 -
Chronic myeloid leukaemia.
R esalts; Case 2* Sodium sa licy la te  dosages 0 - 1 3  g*
per k ilo  body weight, every four
hours.
Blood  p i c t u r e s  
R .B.C.
4 , 4 3 0 ,0 0 0






Hb (% H a ldane)
64
TABLE LXV
Serum s a l i c y l a t e  







8 7 ,0 0 0









Comment; The p r o t h r o m b i n  a c t i v i t y  was 29 on t h e  f i r s t  day 
of  th e  i n v e s t i g a t i o n ,  and by th e  s i x t h  day i t  had f a l l e n  t o  
15* No h a e m o r r h a g i c  m a n i f e s t a t i o n s  d e v e l o p e d  i n  t h i s  case*
-  158 -
C h ro n ic  m y e l o i d  l e u k a e m ia
R e s u l t s ;
Blood p i c t u r e :  
R* B. C.
3, 860 ,000







C ase  3< Sodium sa lic y la te  dosage: 0-13 g*
per body weight every four hours.
Hb (^0 H a ldane )  
60
TABLE LXVI. 
Serum s a l i c y l a t e





















Comment; B e f o r e  s a l i c y l a t e  t h e r a p y  was begun  t h e  p r o th r o m b in  
a c t i v i t y  was 59 — c o n s i d e r a b l y  h i g h e r  t h a n  i n  c a s e s  1 and 2. 
The maximum r e d u c t i o n  i n  a c t i v i t y  was not  r e a c h e d  u n t i l  a f t e r
-  159 -
n in e  d a y s ,  when t h e  p r o th r o m b i n  a c t i v i t y  was 18. T h ese  
r e s u l t s  s u g g e s t  t h a t  t h e  t im e  r e q u i r e d  f o r  t h e  h a e m o r r h a g i c  
t e n d e n c y  t o  b e  b r o u g h t  a b o u t  by s a l i c y l a t e  m e d i c a t i o n  i s  
d e p e n d e n t  on t h e  i n d i v i d u a l s  o r i g i n a l  p r o th r o m b in  c o n c e n t r a t i o n .
-  160 -
Rheumatoid a r t h r i t i s .
R esu lts: Case 1* Sodium sa lic y la te  dosages 0*13 g •
per k ilo  body weight every four hours*












Comments The o r i g i n a l  p r o th r o m b i n  a c t i v i t y  o f  63 was 
r e d u c e d  t o  22 on th e  t e n t h  days t h e  t im e  r e q u i r e d  f o r  
maximum r e d u c t i o n  i n  a c t i v i t y  i n  t h i s  c a se  compares  c l o s e l y  
w i th  t h e  t i m e  o b s e r v e d  in  t h e  i n v e s t i g a t i o n s  i n  normal
s u b je c t s *
No un toward  r e a c t i o n s  were s e e n .
TABLE LXVII.











-  161 -
Rheum ato id  a r t h r i t i s .
■' ■ f  mm I I *  I" ■■ ■ ■
R esults* Case 2 . Sodium s a l ic y la te  dosage: 0 .13 g. per
k ilo  body weight every four hours.
TABLE LXVIII.
Time (days). Serum s a l ic y la t e  i*rothromb in a c t iv i t y
C * g . / m l . )
1 3X0 48
2 342  48
3 338 48
4 344 42
5 346  33
*




chose i n  c a s e  1:
t h e  maximum d e p r e s s i o n  i n  a c t i v i t y  was r e a c h e d  a f t e r  e i g h t  d ay s ,  
compared w i t h  t e n  d a y s  i n  c a s e  Is hu t  t h e  o r i g i n a l  l e v e l  was 
lo w e r  i n  t h i s  i n d i v i d u a l .
-  162 -
Rheumatoid a r t h r i t i s ,
Results; Case 3 . Sodium s a l ic y la te  dosages 0-13 g • per
k ilo  body weight every four hours.































a s e  r e m a in e d
lower  t h r o u g h o u t  t h e  i n v e s t i g a t i o n  t h a n  i n  c a s e s  1 and 2 ,  
v a l u e s  o f  290 ra ic ro g ram s  p e r  ml.  n e v e r  b e i n g  e x c e e d e d .  The 
o r i g i n a l  a c t i v i t y  o f  ICO f e l l  to 28 a f t e r  e i g h t  d a y s ,  w h ereas  
s i m i l a r  d e p r e s s i o n s  o c c u r r e d  i n  t h e  two p r e v i o u s  c a s e s  on t h e  
s i x t h  and s e v e n t h  days  r e s p e c t i v e l y  when h i g h e r  serum 
s a l i c y l a t e  l e v e l s  were  m a i n t a i n e d  and t h e  i n i t i a l  p ro th r o m b in  
c o n c e n t r a t i o n s  w ere  lo w e r  t h a n  norm a l .
Th e re  were no h a e ro o r rh a g ic  m a n i f e s t a t i o n s .
-  163 -
C h ro n ic  U l c e r a t i v e  C o l i t i s *
R e s u l t s : C a s e  ! •  S o d i u m  s a l i c y l a t e  d o s a g e :  0*13 g*
p e r  k i l o  b o d y  w e i g h t  e v e r y  f o u r
h o u r s .
TABLE LXX.
^ime ( d a y s ) .  Serum s a l i c y l a t e  P ro th ro m b in  a c t i v i t y .












Comment: The serum s a l i c y l a t e  l e v e l  d id  not r i s e  much above
t h e  mean v a l u e  o f  300 m icrogram s p e r  ml. t h r o u g h o u t ,  and 
r e a s o n a b l y  c o n s t a n t  l e v e l s  were n o t  m a i n t a i n e d  u n t i l  a f t e r  
t h e  t h i r d  day  o f  t r e a t m e n t .
The p r o t h r o m b i n  a c t i v i t y  o f  3^ tt le b e g i n n i n g  o f  t h e  
i n v e s t i g a t i o n  f e l l  t o  15 on t h e  t w e l f t h  day  and a p p e a r e d  t o
— 164 •“
have a t t a i n e d  i t s  maximum d e p r e s s i o n  a t  t h i s  s ta g e *
R e s p i t e  a low  i n i t i a l  p r o th ro m b in  l e v e l  w hich  was 
f a r t h e r  d e p r e s s e d  by s a l i c y l a t e  a d m i n i s t r a t i o n ,  no c l i n i c a l  
m a n i f e s t a t i o n s  o f  an  i n c r e a s e d  h a e m o r r h a g ia  t e n d e n c y  w e r e  
o b s e rv e d .
-  165
C h ro n ic  u l c e r a t i v e  C o l i t i s .
R esu lts: Case 2. Sodium s a l ic y la te  dosage: 0*13 g*
per k ilo  body weight every four
hours.
TABLE LXXI.
Time ( d a y s ) .  Serum s a l i c y l a t e  P r o th r o m b in  a c t i v i t y






6 32 0 19
7 320 18
8 324 17
Com me n t s The r e s u l t s  o b t a i n e d  i n  t h i s  i n v e s t i g a t i o n  
c o r r e s p o n d e d  c l o s e l y  to  t h o s e  i n  case  1, a l t h o u g h  t h e  g r e a t e s t  
d e p r e s s i o n  o f  t h e  a c t i v i t y  (from t h e  o r i g i n a l  l e v e l  o f  38 t o  
15) was o b s e r v e d  on t h e  n i n t h  i n s t e a d  o f  th e  t w e l f t h  d a y .
T h i s  p a t i e n t  had a t o o t h  e x t r a c t e d  f i v e  days  b e f o r e  
t h e  s t a r t  o f  t h e  i n v e s t i g a t i o n :  t h e r e  was no abnormal
b l e e d i n g  a t  t h e  t i m e ,  b u t  t h e  removal  o f  a second t o o t h  on 
t h e  s e v e n t h  day  o f  t h e  i n v e s t i g a t i o n  -  when th e  p r o th r o m b in
-  166 -
a c t i v i t y  was 18 -  was f o l l o w e d  by p r o f u s e  haem orrhage  from 
t h e  wound. The  c o n d i t i o n  was c o n s i d e r e d  t o  be t h e  r e s u l t  
o f  a l o w e r e d  p r o t h r o m b i n  c o n c e n t r a t i o n  b ro u g h t  abou t  by 
s a l i c y l a t e .
-  167 -
Acute and sub-apute Rheumatism*
R esu lts: Case 1. Sodium s a l ic y la te  dosage; 0*13 g
per k ilo  body weight every four
hours.
TABLE LXXII.











Comment; By t h e  t h i r d  day o f  s a l i c y l a t e  m e d i c a t i o n  t h e  
p r o th r o m b i n  a c t i v i t y  had f a l l e n  from t h e  o r i g i n a l  l e v e l  o f  
100 t o  7 0 ,  and a maximum d e p r e s s i o n  t o  16 was reach ed  by t h e  
n i n t h  d a y .  No h a e m o r r h a g i c  m a n i f e s t a t i o n s  w e re  o b s e r v e d .
The c o m p l a i n t  o f  j o i n t  p a in s  p as se d  o f f  on t h e  t h i r d  day when 
t h e  p r o t h r o m b i n  a c t i v i t y  f i r s t  began  t o  f a l l ,  and t h e  serum 
s a l i c y l a t e  l e v e l  f i r s t  r e a c h e d  a c o n c e n t r a t i o n  o f  340-350  
m ic rog ram s  p e r  ml*
-  168 -
Acute and sub-acute Rheumatism.
R esu lts: Oase & Sodium sa lic y la te  dosage? 0*13 g.
per k ilo  body wei&ht every four
hours.
TABLE LXXIII.
Time ( d a y s )  Serum s a l i c y l a t e  P r o th r o m b in  a c t i v i t y









Comment; The i n i t i a l  a c t i v i t y  o f  76 was reduced  t o  57 on 
t h e  t h i r d  day o f  t h e  i n v e s t i g a t i o n ,  and t h e  lo w es t  r e c o r d e d  
l e v e l  o f  16 was o b s e r v e d  a f t e r  t h e  s a l i c y l a t e  had b een  
a d m i n i s t e r e d  f o r  n in e  d a y s .
A t  no t im e  w ere  any h a e m o r rh a g ic  symptoms d e t e c t e d .
- 1 6 9  -
Acute and Subacute Rheumatism.
R esults: Case 3 . Sodium sa licy la te  dosage: 0*13 g. per
k ilo  body weight every four hours.
TABLE LXXIV.








8 3 I 0 20
9 314 20
Comment: O b s e r v a t i o n s  on t h i s  c a s e  were s i m i l a r  t o  t h o s e
o b t a i n e d  i n  t h e  p r e c e e d i n g  i n v e s t i g a t i o n  i n  c a s e s  1 and 2 . 
The o r i g i n a l  p r o t h r o m b i n  a c t i v i t y  o f  74 f i r s t  became r e d u ce d  
on t h e  t h i r d  day  when t h e  v a l u e  was 54. The lo w e s t  v a l u e  
of  20 was r e a c h e d  on t h e  e i g h t h  day .  No h a em o r rh a g ic  
m a n i f e s t a t i o n s  w e re  s een  t h r o u g h o u t  t h e  e n t i r e  p e r i o d .
-  170 -
Acute and Subacute Rheumatisms
R e s u l t s ; Case 4* Sodium s a l i c y l a t e  dosage; 0 .1 3  g.
p er  k i l o  body w eight every  fo u r  hours.
TABLE LXXV.
Time ( d a y s ) .  Serum s a l i c y l a t e  Prothrombin a c t i v i t y








8 3 6 4  27
9 368 27
Comments The p r o t h r o m b i n  a c t i v i t y  i n  t h i s  s u b j e c t  was 137 
b e f o r e  s a l i c y l a t e  m e d i c a t i o n  was i n s t i t u t e d ,  and t h i s  f e l l  
t o  100 a f t e r  t h e  d r u g  had b ee n  g i v e n  f o r  two d a y s .
Throughou t  t h e  r e m a i n i n g  p e r i o d  of4 t h e  i n v e s t i g a t i o n  t h e  
a c t i v i t y  f e l l  to  27 by t h e  e i g h t h  day ,  r e m a i n in g  s t a t i o n a r y  
u n t i l  t r e a t m e n t  w i t h  s a l i c y l a t e  was s t o p p e d  on t h e  e l e v e n t h  
day.
I t  a p p e a r s  t h a t  a h i g h  i n i t i a l  p r o th r o m b in  l e v e l  may be
-  171 -
an i n d i c a t i o n  o f  a s a t i s f a c t o r y  i n t a k e  o f  V i t a m in  K i n  t h e  
d i e t ,  and o f  a n o rm a l  s y n t h e s i s  o f  p ro th r o m b in  i n  t h e  body 
b o t h  f a c t o r s  w h ich  would p r o t e c t  the  body  a g a i n s t  t h e  
p r o t h r o m b i n o p a e n i c  a c t i o n  o f  s a l i c y l a t e .
-  172 -
Acute and Subacute Rheumatism.
Reaults: Case 5* Sodium sa licy la te  dosage; 0*13 g- per
&ilo body weight every four hours.
TABLE LXXVI.
Time ( d a y s )  serum s a l i c y l a t e  P ro th ro m b in  a c t i v i t y .










Comment; Prom an  i n i t i a l  l e v e l  o f  100 the  p ro th ro m b in  
a c t i v i t y  f e l l  t o  74 i n  t h e  second  day ,  b u t  on t h e  t h i r d  day 
i t  r e t u r n e d  t o  100* On th e  f o u r t h  day a f a l l  to  56 was 
o b s e rv e d ,  and by t h e  n i n t h  day t h e  lo w es t  l e v e l  o f  20 was 
reach ed .
No h a e m o r r h a g i e  m a n i f e s t a t i o n s  were  obse rved  a t  any
t im e .
-  173 ~
The e f f e c t  o f  d i s c o n t i n u i n g  t h e  S a l i c y l a t e  
a d m i n i s t r a t i o n  on t h e  lowered  p r o th r o m b in  
a c t i v i t y  i n  c e r t a i n  of  t h e  c a s e s  s u f f e r i n g  
from v a r i o u s  d i s e a s e s .
P e r n i c i o u s  A n ae m ia .
Case 1- ( A l r e a d y  d e s c r i b e d  on page 147)*
TABLE LXXVII.
Time ( d a y s )  serum s a l i c y l a t e  P ro th ro m b in  a c t i v i t y
Ut-g./mX.)




10 -  28
11 -  28
12 -  28
x S a l i c y l a t e  s t o p p e d .
Comments Sodium s a l i c y l a t e  a d m i n i s t r a t i o n  was s to p p e d  on 
t h e  f o u r t h  day b e c a u s e  o f  v o m i t in g  ( s e e  page 148) .  The 
serum s a l i c y l a t e  f e l l  from 35^ m icrogram s p e r  ml .  t o  218
-  174 -
m icrogram s  p e r  m l .  on t h e  f o l l o w i n g  day ,  and t o  83 micrograms 
p e r  ml.  on t h e  s i x t h  day .  T h e r e a f t e r  t h e r e  was no 
d e t e c t a b l e  s a l i c y l a t e  i n  t h e  b l o o d .
On t h e  s i x t h  day t h e  p ro th ro m b in  a c t i v i t y  showed a 
s l i g h t  i n c r e a s e  from 13 t o  15, and d u r i n g  t h e  next  f o u r  days  
t h i s  r i s e  became much more marked u n t i l  a f i n a l  l e v e l  o f  28 
was r e a c h e d  on t h e  t e n t h  day .
Prom t h e s e  o b s e r v a t i o n s  i t  was co n c lu d ed  t h a t  t h e  
p r o t h r o m b i n o p o e n i e  a c t i o n  o f  sodium s a l i c y l a t e  soon p a s se d  
o f f  when m e d i c a t i o n  was s topped .  The p ro th ro m b in  a c t i v i t y  
of  t h i s  s u b j e c t  d id  not  r i s e  t o  t h e  normal v a lu e  o f  100, b u t  
to  a f i g u r e  c l o s e  t o  t h a t  d e te rm in e d  b e f o r e  t h e  i n v e s t i g a t i o n  
was b egun .
-  175 -
Chron ic  M y e lo id  L e u k a e m ia .
Case 3 . ( A l r e a d y  d e s c r i b e d  on page 158) .
TABLE LXXVIII.
Time ( d a y s )  Seram s a l i c y l a t e  P ro th ro m b in  a c t i v i t y
( /r fg . /m! .)




11 -  14
12 -  16
1 3  ~  18
1 4 - 1 8
x S a l i c y l a t e  s t o p p e d .
t r a t i o n ,  a 
i n  t h i s  c a s e ,
v a l u e s  o f  18 b e i n g  fo u n d  on t h e  t h i r t e e n t h  and  f o u r t e e n t h  
days  compared w i t h  13 when t h e  d ru g  was s to p p e d .  T hese  
r e s u l t s ,  compared  w i l l 1 t h e  a c t i v i t y  of 24 when t h e  
i n v e s t i g a t i o n  was b e g u n ,  s u g g e s t  t h a t  t h e  s y n t h e s i s  o f  
p r o th r o m b i n  was be low  no rm a l ,  p o s s i b l y  a s  a r e s u l t  -of im pa i  
l i v e r  f u n c t i o n  c a u s e d  by leukaem ic  i n f i l t r a t i o n  o f  t h a t  0 g
-  176 -
Rheumatoid a r t h r i t i s .
Case 1. (Already described on page l 6o).
TABLE LXXIX.
Time ( d a y s )  Serum s a l i c y l a t e  Prothrom bin  a c t i v i t y .
LUg./ml ')
U  334 22
X 12 336 23
13 220 23
lif 102 26
15 -  30
16  4 3
17 -  39
x S a l i c y l a t e  a d m i n i s t r a t i o n  s to p p e d .
Comment: Sodium s a l i c y l a t e  was s to p p e d  on t h e  t w e l f t h  day
" o u r t e e n t h  day 
. ed on t h e
s i x t e e n t h  d a y .  The  a c t i v i t y  b e f o r e  s a l i c y l a t e  t r e a t m e n t  was 
begun was 6 3 , a n d  d e s p i t e  t h e  a d m i n i s t r a t i o n  o f  V i t a m in  K 
( t o  be d e s c r i b e d  l a t e r ) ,  t h i s  f i g u r e  was not  r e a c h e d  a g a i n .
-  177 -
A c u t e  and S u b a c u t e  R heum at ism .
Case  2. ( A l r e a d y  d e s c r i b e d  on page  1 6 8 ) .
TABLE LXXX.
Time (d ay s )  Serum s a l i c y l a t e  P ro th ro m b in  a e t i v i t y .
y « g ./to i.)
x 8 368 17
9 210 16
10 115 16
11 -  18
12 -  24
13 -  27
14 -  50
15 -  64
16 -  64
17 -  57
18 -  76
19 -  100
20 -  76
21 -  76
x  S a l i c y l a t e  d i s c o n t i n u e d .
Comment; Sodium s a l i c y l a t e  was d i s c o n t i n u e d  on t h e  e i g h t h
day o f  t h e  i n v e s t i g a t i o n ,  and on t h e  e l e v e n t h  d a y  t h e  a c t i v i t y  
b egan  to  r i s e .  On t h e  n i n e t e e n t h  day a f i g u r e  o f  100 i a s  
d e t e r m i n e d .  T h i s  f e l l  t o  76 on t h e  f o l l o w i n g  d ay .  As 
v a l u e s  o f  o v e r  50 were  fo u n d  from t h e  f o u r t e e n t h  day  i t  was 
c o n c lu d e d  t h a t  i n  t h i s  s u b j e c t ,  s y n t h e s i s  o f  p r o t h r o m b i n  was 
s a t i s f a c t o r y .
-  179 -
Group V  The e f f e c t  o f  Sodium S a l i c y l a t e  a d m i n i s t r a t i o n  
on t h e  P r o t h r o m b i n  a c t i v i t y  o f  A s c o r b i c  a c i d - d e f i c i e n t  
s u b j e c t s *
T h i s  g roup  c o n s i s t e d  o f  s ev en  c a s e s  s e l e c t e d  from 
s u b j e c t s  who had b e e n  fo u n d  t o  have  v a r y i n g  d e g r e e s  o f  
a s c o r b i c  a c i d  d e f i c i e n c y  when examined i n  h o s p i t a l ,  and 
i n  whom no o t h e r  s e r i o u s  o r g a n i c  l e s i o n  had b e e n  d i s c o v e r e d .
Sodium s a l i c y l a t e  was a d m i n i s t e r e d  o r a l l y  i n  d o s a g e  
s i m i l a r  t o  t h a t  g i v e n  i n  t h e  p r e c e d i n g  g r o u p s ,  and b e f o r e  
a s c o r b i c  a c i d  had b e e n  g i v e n  t h e r a p e u t i c a l l y .
The a s c o r b i c  a c i d  d e t e r m i n a t i o n s  were  c a r r i e d  o u t  by 
t h e  c o l o r i m e t r i c  method o f  Roe and  K u e t h e r  ( 1 9 4 3 ) ,  u s i n g  
t h e  S p e k k e r  a b s o r p t i o m e t e r  a l r e a d y  d e s c r i b e d .
-  18c -
The E f f e c t  o f  Sodium S a l i c y l a t e  a d m i n i s t r a t i o n  on t h e  
P r o t h r o m b i n  a c t i v i t y  o f  A s c o r b i c  a c i d - d e f i c i e n t  s u b j e c t s •
Case  ! •  Sodium s a l i c y l a t e  d o s a g e :  0*13 g# p e r  k i l o  body 
w e i g h t  e v e r y  f o u r  hours*
A s c o r b i c  a c i d  l e v e l s  on a d m iss io n #
Whole b l o o d :  0*34 mg./ lOO ml* P l a s m a :  0*3 mg./ lOC m l .
Norm al  c o n t r o l ;  a s c o r b i c  a c i d  l e v e l :
Whole b l o o d :  1*35 mg./ lOO ml# P l a s m a :  1 . 1  m g . / l o o  ml#
TABLE LXXXI.











11 4 2 0  17
Comment; T h i s  s u b j e c t  gave a h i s t o r y  o f  b r u i s i n g  o f  t h e  a rm s ,  
l e g s ,  t h i g h s ,  a n d  t h o r a x  o f  t h r e e  w e e k s 1 d u r a t i o n .  D u r in g  
t h e  i n v e s t i g a t i o n  no i n c r e a s e  i n  t h e  s e v e r i t y  o f  t h e  c o n d i t i o n
-  181 -
was o b s e r v e d .  B e f o r e  t h e  a d m i n i s t r a t i o n  o f  s a l i c y l a t e  was 
b e g u n ,  t h e  p r o t h r o m b i n  a c t i v i t y  was 67* T h i s  f i g u r e  f e l l  t o  
53 a f t e r  t h r e e  days* m e d i c a t i o n  w i th  sodium s a l i c y l a t e .  The 
l o w e s t  p r o t h r o m b i n  a c t i v i t y  was o b s e r v e d  on th e  t e n t h  day o f  
t h e  i n v e s t i g a t i o n  when a f i g u r e  o f  15 was o b t a i n e d .
The d e g r e e  o f  d e p r e s s i o n  o f  t h e  p lasm a  p r o t h r o m b i n  
a c t i v i t y  and t h e  r a t e  o f  i t s  f a l l  w ere  s i m i l a r  t o  t h a t  o b s e rv e d  
i n  th e  no rm a l  s u b j e c t s  p r e v i o u s l y  d e s c r i b e d  when- serum 
s a l i c y l a t e  l e v e l s  o f  o v e r  400 m ic ro g r a m s  p e r  m l .  were  
m a i n t a i n e d  f o r  s i m i l a r  p e r i o d s .
- 1 8 2  -
Case  2. Sodium s a l i c y l a t e  d o sag es  0. 13 g. p e r  k i l o  body 
w e ig h t  e v e r y  f o u r  h o u r s .
A s c o r b i c  a c i d  l e v e l s  on a d m i s s i o n s
Whole b l o o d ;  0*20 mg./loo ml.  P la sm as  0 . 1 4  mg./lOO m l.  
Normal c o n t r o l  a s c o r b i c  a c i d  l e v e l s ;
Whole b l o o d s  1 . 2 2  m g . / l o o  ml. P lasm as  1 . 0  mg./ lOO ml.
TABLE LXXXII-
Time ( d a y s ) .  Serum s a l i c y l a t e  ^ M g . / m l . ) .  P r o t h r o m b i n  a c t i v i t y .
1 248 100
2 290 . 100
3 280 78







11 294 ’ 17
Comments T u i s  s u b j e c t  gave a h i s t o r y  o f  t h r e e  weeks* r e c u r r e n t  
e p i s t a x i s ,  and had b e e n  a d m i t t e d  t o  h o s p i t a l  f o r  f u r t h e r  
i n v e s t i g a t i o n  and t r e a t m e n t  o f  an a e m ia .  H i s  p r o t h r o m b i n  
a c t i v i t y  was ICO b e f o r e  b e g i n n i n g  s a l i c y l a t e  m e d i c a t i o n ,  b u t  
i t  f e l l  to  78 on t h e  t h i r d  day of' t h e  i n v e s t i g a t i o n  and b y  t h e  
e i g h t h  day was  1 7 .
No e p i s t a x i s  o c c u r r e d  d u r i n g  t h e  i n v e s t i g a t i o n .
-  183 -
Case 3 . Sodium s a l ic y la t e  dosage: 0*13 g* per k i lo  body
weight every four hours.
A s c o r b i c  a c i d  l e v e l s  on a d m i s s i o n :
Whole b l o o d :  0*24  mg./lCG ml.  P l a s m a :  0*21  m g . / lo o  m l .  
Normal c o n t r o l  a s c o r b i c  a c i d  l e v e l s :
Whole b l o o d :  0*98 m g . / l o o  ml.  P l a s m a :  0 - 9 2  mg./ lOO ml.
TABLE LXXXIII-
Time ( d a y s ) .  Serum s a l i c y l a t e  ^ t g . / m l . ) .  P r o t h r o m b i n  a c t i v i t y .  













Comment: No h i s t o r y  o f  h ae m o r rh a g e  was o b t a i n e d  i n  t h i s  c a s e .
The i n i t i a l  p r o t h r o m b i n  a c t i v i t y  o f  68 f e l l  to  53 on t h e  second  
day and t o  18 on t h e  n i n t h .  S i m i l a r  o b s e r v a t i o n s  were  made 
d a i l y  u n t i l  s a l i c y l a t e  t r e a t m e n t  was s to p p e d  on t h e  t h i r t e e n t h
-  184 r
d a y .  No c l i n i c a l  s i g n s  o f  a h a e m o r r h a g i c  t e n d e n c y  w ere  
n o t e d  d u r i n g  t h e  i n v e s t i g a t i o n .
-  185 -
C ase  4* Sodium s a l i c y l a t e  d o s a g e :  0 . I 3 g .  p e r  k i l o  body 
•weight e v e r y  f o u r  h o u r s .
A s c o r b i c  a c i d  l e v e l s  on a d m i s s i o n :
Whole b l o o d s  0 . 3 I  m g . / l o o  ml. P l a s m a :  0 -2 8  m g . / l o o  m l.  
Normal  c o n t r o l  a s c o r b i c  a c i d  l e v e l s :
Whole b l o o d :  1 . 1 6  m g . / l o o  ml.  P l a s m a :  0- 9 2  m g . / l o o  ml.
T*ELE LXXXIV.












Comment: T h i s  s u b j e c t  co m p la in e d  o f  p e r s i s t e n t  b l e e d i n g  from
th e  gums a f t e r  b r u s h i n g  h e r  t e e t h :  t h e  c o n d i t i o n  had b e e n
p r e s e n t  f o r  s i x  m o n th s .  B l e e d i n g  and c l o t t i n g  t i m e s  were n o rm a l .  
On t h e  t h i r d  day  a f t e r  b e g i n n i n g  s a l i c y l a t e  a d m i n i s t r a t i o n ,  t h e  
p ro th ro m b in  a c t i v i t y  f e l l  from t h e  o r i g i n a l  f i g u r e  o f  100 to  5 5 , 
and on t h e  e i g h t h  day to  16 .
A l t h o u g h  o r a l  b l e e d i n g  c o n t i n u t e d  i t  d i d  n o t  i n c r e a s e  
i n  s e v e r i t y ,  and no o t h e r  h a e m o r r h a g i c  m a n i f e s t a t i o n s  w e re
-  187 ~
Case 5* Sodium s a l ic y la te  dosage; 0 .13 g-per k i lo  body
weight every four hours.'
A s c o r b i c  a c i d  l e v e l s  on a d m i s s i o n :
Wbole b l o o d :  0 . 1 8  m g . /1 0 0  ml. P la sm as  0*15 mg./ lOC m l .  
Normal  c o n t r o l  a s c o r b i c  a c i d  l e v e l s :
Whole b l o o d :  0*97 m g . / l c O  ml. P la sm a :  0*92 mg./IOC m l .
table  lxx xv .
Time ( d a y s ) .  Serum s a l i c y l a t e  ) P r o t h r o m b i n  a c t i v i t y .
1 330 74
2 418 63
3 434  63








12 452  12
Comments T h i s  p a t i e n t  was a d m i t t e d  s u f f e r i n g  f rom  a p u r p u r i c  
r a s h  o v e r  t h e  a n t e r i o r  s u r f a c e  o f  b o t h  l e g s ,  o f  two weeks* 
d u r a t i o n .
H is  i n i t i a l  p r o t h r o m b i n  a c t i v i t y  was 7 4 ,  and on t h e  sec o n d  
day o f  s a l i c y l a t e  t r e a t m e n t  a d ro p  to  63 was o b s e r v e d .  By t h e
-  188 -
t e n t h  day t h e  a c t i v i t y  had f a l l e n  t o  12 a n d  on t h e  t w e l f t h  day 
s e v e r e  e p i s t a x i s  o c c u r r e d  w h i c h  d i d  n o t  s u b s i d e  u n t i l  s i x  days  
l a t e r .
-  189 -
Case 6 * Sodium s a l i c y la t e  dosage: 0*13 g. per k i lo  body
weight every four hours.
A s c o r b i c  a c i d  l e v e l s  on a d m i s s i o n :
Whole b l o o d :  c . 1 5  m g . / lo O  ml.  p l a s m a s  0 . 1 2  mg./ lOO m l .  
Noimal  c o n t r o l  a s c o r b i c  a c i d  l e v e l s :
Whole b l o o d :  1 .1 2  m g . / l c O  ml.  P l a s m a :  1*04 m g . / l o o  m l .  
TABLE LXXXVI.












Comment: T h i s  p a t i e n t  was a d m i t t e d  w i t h  a n i n e  weeks* h i s t o r y
o f  i n t e r m i t t e n t  h a e m a t u r i a .  A p a r t  f rom low b l o o d  a s c o r b i c  a c i d  
l e v e l s ,  no ab n o rm a l  c o n d i t i o n  was fo u n d .  The i n i t i a l  
p r o th r o m b i n  a c t i v i t y  o f  ICO f e l l  t o  6o on t h e  t h i r d  day  f o l l o w i n g  
t h e  i n s t i t u t i o n  o f  s a l i c y l a t e  m e d i c a t io n ,  and on th e  n i n t h  day 
a v a l u e  of  l b  was o b s e r v e d .  A lthough  t h e  p r o t h r o m b i n  a c t i v i t y  
was c o n s i d e r a b l y  d e p r e s s e d ,  t h e  h a e m a t u r i a  c e a s e d  on t h e  f i f t h
-  190 -
d ay  and t h e r e  was no r e c u r r e n c e .
-  191  -
Case 7- Sodium s a l ic y la t e  dosage.: 0-13 g* per k i lo  body
weight every four hours.
A s c o r b i c  a c i d  b l o o d  l e v e l s  on a d m i s s i o n :
Whole b l o o d :  0*38 mg./ ICO ml.  P l a s m a :  0 . 3 I  m g . /1 0 0  ml.  
N orm al  c o n t r o l  a s c o r b i c  a c i d  l e v e l s ;
Whole b l o o d ;  l . Q  mg-/ICC ml.  P l a s m a ;  c*92 mg./ lOO m l .  
TABLE LXXXYII.
Time ( d a y s ) .  Serum s a l i c y l a t e  ( y ^ g . / m l . ) .  P r o t h r o m b i n  a c t i v i t y .
1  2 1 4  6 5
2 230 65
3 238 51
4  246 36
5 238 33
6 2 4 4  27
7 258 22
8 2 60  20
9 249 19
10 252 18
Comment: T h i s  s u b j e c t ’ s c o m p l a i n t  was o f  e x t e n s i v e  b r u i s i n g  o f
arms, f a c e ,  n eck ,  and b u t t o c k s  which  f i r s t  a p p e a r e d  t h r e e  weeks 
b e f o r e  a d m i s s i o n .
The i n i t i a l  p r o t h r o m b i n  a c t i v i t y  o f  65 f e l l  t o  51 a f t e r  t h r e e  
days t r e a t m e n t  w i t h  s a l i c y l a t e ,  and on t h e  t e n t h  day t h e  a c t i v i t y  
was 18.
No f u r t h e r  b r u i s i n g  o r  o t h e r  h a e m o r r h a g i c  m a n i f e s t a t i o n s  
were o b s e r v e d .
-  192 -
The E f f e c t  o f  D i s c o n t i n u a n c e  o f  Sodium 
S a l i c y l a t e  a d m i n i s t r a t i o n  on t h e  lo w e re d  
P r o t h r o m b i n  A c t i v i t y  o f  c e r t a i n  s c o r b u t i c  
s u b j e c t s .
Case 3 . ( a l r e a d y  d e s c r i b e d  on page  I 8 3 ) .
p r o t h r o m b i n  a c t i v i t y  b e f o r e  commencement o f  s a l i c y l a t e
m e d i c a t i o n :  68
P r o t h r o m b i n  a c t i v i t y  when s a l i c y l a t e  m e d i c a t i o n  was
s t o p p e d :  18
TABLE LXXXVIII.
Time ( d a y s ) .  Serum s a l i c y l a t e  G ^ g . /m l* ) .  P r o t h r o m b i n a  c t i v i t y .
12 407 18
x 13 392 18
14 291 19
15 116 19
16 -  21
17 -  24
18 -  38
19 -  38
20  -  38
21  -  38
x S a l i c y l a t e  a d m i n i s t r a t i o n  s t o p p e d .
Comment: Sodium s a l i c y l a t e  t r e a t m e n t  was s to p p e d  on t h e
t h i r t e e n t h  d a y  when t h e  p r o th r o m b i n  a c t i v i t y  was 18 ,  and t h e
-  193 -
serum s a l i c y l a t e  l e v e l  392 m ic ro g ram s  p e r  m l .  On t h e  
s i x t e e n t h  day  no s a l i c y l a t e  c o u l d  be d e t e c t e d  i n  t h e  se rum ,  
and  t h e  a c t i v i t y  was t h e n  21.  Two days  l a t e r  t h e  p r o t h r o m b i n  
a c t i v i t y  had  r i s e n  t o  3 8 , and i t  r e m a i n e d  a t  t h i s  l e v e l  -  
compared  w i t h  a v a l u e  o f  68 b e f o r e  t h e  i n v e s t i g a t i o n  b e g a n .
-  194 -
Case  7« ( a l r e a d y  d e s c r i b e d  on page  1 9 1 ) .
P r o t h r o m b i n  a c t i v i t y  b e f o r e  commencement o f  s a l i c y l a t e
m e d i c a t i o n :  65
P r o t h r o m b i n  a c t i v i t y  when s a l i c y l a t e  m e d i c a t i o n  was
s to p p e d ?  18
TABLE LXXXIX.
Time ( d a y s ) .  S erum 's  a l i c y l a t e  G ^ g . /© 1 . ) .  P r o t h r o m b i n  a c t i v i t y  
9 249 19
X 10 252 18
11 102 18
12 -  20
13 26
14 -  36
15 -  51
16 -  47
17 -  51
x  S a l i c y l a t e  a d m i n i s t r a t i o n  s t o p p e d .
Comment: Sodium s a l i c y l a t e  was s t o p p e d  on t h e  t e n t h  day ,
when t h e  p r o t h r o m b i n  a c t i v i t y  was 18 .  By t h e  t w e l f t h . d a y  
no s a l i c y l a t e  was  d e t e c t a b l e  i n  t h e  b l o o d ,  a l t h o u g h  t h e  
p ro th ro L ib in  a c t i v i t y  had  r i s e n  o n ly  t o  2 o .  On t h e  s e v e n t e e n t h  
day an  a c t i v i t y  o f  51 was o b s e r v e d .  I n  t h i s  c a s e  no g r e a t e r  
t e n d e n c y  v-as o b s e r v e d  f o r  t h e  a c t i v i t y  t o  r e t u r n  to  i t s  o r i g i n a l  
v a l u e  o f  65 when s a l i c y l a t e  w as  s to p p e d  t h a n  i n  c a s e  3 *
-  195 -
CHAPTER X.
VITAMIN K IN SALICYLATE THERAPY-
-  196 -
CHAPTER X-
V i t a m i n  K i n  S a l i c y l a t e  t h e r a p y .
V i t a m i n  X -  H i s t o r i c a l .
The d i s c o v e r y  o f  v i t a m i n  K f o l l o w e d  t h e  work  o f  Dam 
( 1 9 2 9 ) o f  Copenhagen ,  who d e s c r i b e d  a h a e m o r r h a g i c  syndrome 
i n  c h i c k s  f e d  on a d i e t  p o o r  i n  f a t s .  T h i s  h a e m o r r h a g i c  
c o n d i t i o n  was o f t e n  f a t a l ,  b u t  l a t e r  work by  Dam (1935  & 1936) 
and o t h e r s  d e m o n s t r a t e d  t h a t  t h e  a d m i n i s t r a t i o n  o f  non-  
s a p o n i f i a b l e ,  n o n - s t e r o l  f r a c t i o n s  o f  hog l i v e r  f a t  c o n t r o l l e d  
t h e  b l e e d i n g .  The a c t i v e  p r i n c i p l e  o f  t h e  f a t  he c a l l e d  
v i t a m i n  K ( K o a g u l a t i o n - v i t a m i n )  a name t h a t  h a s  b een  g e n e r a l l y  
a d o p t e d .
A l i n g u i s t  and S t o k s t a d  ( I 9 3 5 ) c o n f i rm e d  Damf s o b s e r v a t i o n s ,
p r o th r o m b i n  i n  t h e  p lasm a was r e s p o n s i b l e  f o r  t h e  h ae m o r rh a g e .  
When v i t a m i n  K was r e s t o r e d  t o  t h e  d i e t  o f  c h i c k s  w h ich  had  
d e v e lo p e d  h a e m o r r h a g i c  symptoms on a f a t  p o o r  d i e t ,  t h e  p lasma 
p r o th r o m b i n  l e v e l  r e t u r n e d  t o  normal and t h e  t e n d e n c y  t o  b l e e d  
was a b o l i s h e d .
Q uick  (1 9 3 5 )  c a r r i e d  o u t  i n v e s t i g a t i o n s  on p a t i e n t s  
s u f f e r i n g  f rom J a u n d i c e ,  and found  t h a t  t h e  p r o th r o m b i n  l e v e l  
of  t h e  p la sm a  was r e d u c e d .  Hawkins (1 9 3 ^ )  r e p o r t e d  s i m i l a r  
f i n d i n g s  i n  d o g s  w i t h  b i l i a r y  f i s t u l a e .  Prom t h e s e  r e s u l t s ,  
Quick (1937)  s u g g e s t e d  t h a t  a l a c k  o f  b i l e  i n  t h e  i n t e s t i n e  o f
and S c h o n h e y d e r s u g g e s t e d  t h a t  a d e f i c i e n c y  o f
-  197 -
man m ig h t  b r i n g  a b o u t  f a u l t y  a b s o r p t i o n  o f  t h e  f a t - s o l u b l e  
v i t a m i n  K and g iv e  r i s e  t o  a r e d u c t i o n  i n  p r o t h r o m b i n  
p r o d u c t i o n .  G re a v e s  and  Schm id t  (1937)  c a r r i e d  ou t  a n im a l  
e x p e r i m e n t s  and t h e i r  r e s u l t s  s u p p o r t e d  Q uick*s  h y p o t h e s i s .
F o l l o w i n g  t h e  p u b l i c a t i o n  o f  t h e s e  o b s e r v a t i o n s ,  
numerous  r e p o r t s  a p p e a r e d  which  d e m o n s t r a t e d  t h e  v a l u e  o f  
v i t a m i n  K a d m i n i s t r a t i o n  i n  c a s e s  o f  j a u n d i c e  to  r e d u c e  t h e  
t e n d e n c y  to  h a e m o r r h a g e ,  p a r t i c u l a r l y  b e f o r e  u n d e r t a k i n g  
o p e r a t i v e  t r e a t m e n t .  The f i r s t  s e r i e s  t r e a t e d  i n  t h i s  
m anner  was d e s c r i b e d  by Warner  ( 1 9 3 8 ) ,  and i n  t h e  same y e a r  
B u t t  ( I 9 3 8 ) a nd o t h e r s  a t  t h e  Mayo O l i n i c  p u b l i s h e d  a s i m i l a r  
r e p o r t .
Dam ( 1 9 3 8 ) ,  O l s e n  (1 9 3 9 )?  a n d  Rhoads (1939)  and o t h e r s  
made f u r t h e r  s t u d i e s  and v i t a m i n  K t h e r a p y  was soon  p l a c e d  
on a sound  c l i n i c a l  and e x p e r i m e n t a l  b a s i s .
V i t a m i n  K h a s  a w ide  n a t u r a l  d i s t r i b u t i o n .  Green 
p l a n t s  a r e  t h e  r i c h e s t  s o u r c e s ,  a l t h o u g h  a p p r e c i a b l e  
q u a n t i t i e s  o c c u r  i n  t h e  a n i m a l  body.  A l ^ f a l f a ,  s p i n a c h ,  
c a r r o t  t o p s ,  t o m a t o e s ,  c a b b a g e ,  and seaweed a l l  have  a f a i r l y  
high c o n t e n t .  I t  i s  p r e s e n t  i n  some v e g e t a b l e  o i l s  s u c h  a s  
t h o s e  o b t a i n e d  f rom soya b e a n  and p i n e  n e e d l e s ,  b u t  i t  i s  no t  
found i n  any a p p r e c i a b l e  c o n c e n t r a t i o n  i n  f i s h  l i v e r  o i l s .
The v i t a m i n  can  be p r e p a r e d  by b a c t e r i a l  a c t i o n  on f i s h  m ea l ,  
b ran ,  and  r i c e .  I t s  p r e s e n c e  i n  f a e c e s  h a s  b e en  p r o v e d ,
-  198 -
and i s  b e l i e v e d  t o  be b r o u g h t  a b o u t  by i n t e s t i n a l  m i c r o ­
o r g a n i s m s ,  e s p e c i a l l y  o f  t h e  c o l i  g r o u p .  The v i t a m i n  i s  
r e l e a s e d  on p u t r e f a c t i v e  d i s i n t e g r a t i o n  o f  t h e  b a c t e r i a l  
c e l l s *
E a r l y  a t t e m p t s  to  i s o l a t e  v i t a m i n  K and d e t e r m in e  i t s  
c h e m i c a l  s t r u c t u r e  were made b y  A lm q u is t  ( 1 9 3 6 , 1 9 3 7 ) ,  and 
he s u c c e e d e d  i n  o b t a i n i n g  i t  i n  a r e a s o n a b l y  p u r e  fo rm ,  
a l t h o u g h  t h e  c r y s t a l s  m e l t e d  t o  an o i l  a t  room t e m p e r a t u r e *  
M acG orquoda le  (1 9 3 9 )  and McKee (1 9 3 9 )  i s o l a t e d  two d i f f e r e n t  
s u b s t a n c e s  f rom a l a f a l f a  meal and p u t r i f y i n g  f i s h  mea l  
r e s p e c t i v e l y :  t h e  f i r s t  t h e y  named v i t a m i n  K-j_, t h e  second
v i t a m i n  K2 ?
F u r t h e r  work h as  shown t h a t  many s u b s t a n c e s  hav e  a n  
a n t i h a e m o r r h a g i c  a c t i o n ,  and A l m q u i s t  and K lose  (1 9 3 9 )  showed 
t h a t  p h t h i o c o l ,  a compound i s o l a t e d  from t h e  t u b e r c l e  
b a c i l l u s ,  had p h y s i c a l  and c h e m i c a l  p r o p e r t i e s  s i m i l a r  t o  
v i t a m i n  K, and p o s s e s s e d  some a n t i - h a e m o r r h a g i e  p r o p e r t i e s .
I n  1939,  B u c k le y  (1939)  c l a i m e d  t h a t  t h e  c h e m i c a l  s t r u c t u r e  
of  v i t a m i n  K was r e p r e s e n t e d  by t h e  fo rm u la
0
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This  i s  2 m e t h y l - 3- p h y t y l ,  1 , 4 - n a p h t h a q u i n o n e .
T h is  compound h a s  marked a n t i - h a e m o r r h a g i c  a c t i v i t y ,  b u t  i s  
only s p a r i n g l y  s o l u b l e  i n  w a t e r .  The w a t e r  s o l u b l e  sodium
-  199 -
s a l t  o f  2 —roethy 1 - 1 ; 4  n a p h th o h y d r o q u in o n e —3 - s u l p h o n i c  a c i d  i s  
r a t h e r  l e s s  a c t i v e ,  b a t  i s  o f  mach g r e a t e r  p r a c t i c a l  use  i n
I n  t h e  i n v e s t i g a t i o n s  d e s c r i b e d  i n  t h i s  t h e s i s ,  t h e  
s y n t h e t i c  w a t e r  so lub le  a n a l o g u e  o f  v i t a m i n  K -  t h e  t e t r a  
sodium s a l t  o f  2 - m e t h y l - 1 : 4  n a p h th o h y d r o q u in o n e  d i p h o s p h o r i c  
a c i d  -  was u s e d .  I t s  s t r u c t u r a l  f o rm u la  i s
W i lk in s o n  ( 1 9 4 0 ) ,  i n  an  a c c o u n t  o f  t h e  t r e a t m e n t  o f  h a e m o r r h a g i c  
d i s e a s e  i n  man, c l a i m e d  t h a t  t h e  s y n t h e t i c  s u b s t i t u t e s  o f  
v i t a m i n  K w ere  e q u a l l y  e f f e c t i v e  when the  o ra l ,  i n t r a m u s c u l a r ,  
o r  s u b c u t a n e o u s  r o u t e s  were u s e d ,  p r o v id e d  t h e  dosage  was 
a d e q u a t e .
P a l l a d i n  ( I 9 4 5 ) s u g g e s t e d  t h a t  t r e a t m e n t  w i t h  v i t a m i n  K 
may a l s o  be e f f e c t i v e  i n  c o n d i t i o n s  where  t h e  b lo o d  p r o t h r o m b i n  
was n o rm a l ,  and he  s t u d i e d  i t s  e f f e c t  i n  e p i s t a x i s ,  u t e r i n e  
h aem orrhage ,  and t r a u m a .  He s t a t e d  t h a t  i n  s c u rv y  t h e  
c a p i l l a r y  h a e m o r rh a g e  was r e d u c e d  and t h a t  h e a l i n g  o f  wounds 
was s t i m u l a t e d ,*




-  2QG -
The E f f e c t  of* v i t a m i n  K on h y p o p ro th ro m b in a e m ia  
f o l l o w i n g  s a l i c y l a t e  a d m i n i s t r a t i o n .
A number  o f  c a s e s  were s e l e c t e d  from t h e  t h r e e  g r o u p s  
o f  s u b j e c t s  d e s c r i b e d  i n  c h a p t e r  IX t o  whom sodium s a l i c y l a t e  
had b ee n  o r  was s t i l l  b e i n g  a d m i n i s t e r e d .
S h a p i r o  (1 9 4 4 )  a s s e r t e d  t h a t  t h e  lo w ered  p r o t h r o m b i n  
a c t i v i t y  f o u n d  i n  p a t i e n t s  t r e a t e d  w i t h  a s p i r i n  c o u ld  b e  
c o u n t e r a c t e d  by v i t a m i n  K, b u t  Meyer  and Howard (1943)  and 
C l a u s e n  and J a g e r  ( 19 4 6 ) d e n ie d  t h a t  t h e  h y p o p ro th ro m b in a e m ia  
f o l l o w i n g  s a l i c y l a t e  a d m i n i s t r a t i o n  was i n  any way a f f e c t e d .
A r e p o r t  i s  g i v e n  i n  t h e  f o l l o w i n g  p a g e s  o f  an  i n v e s t i g a t i  
of  t h e  e f f e c t  o f  v i t a m i n  K on t h e  lo w e red  p r o th r o m b i n  a c t i v i t y  
no ted  a t  d i f f e r e n t  serum s a l i c y l a t e  c o n c e n t r a t i o n s *  The 
s y n t h e t i c  w a t e r - s o l u b l e  ’ S y n k a v i t*  (Roche)  was used  -  t h e  
t e t r a  sodium s a l t  o f  2- m e t h y l  1 :4  n a p h th o q u in o n e  d i p h o s p h o r i c  
a c i d .  i n  t h e  m a j o r i t y  o f  c a s e s  t h e  v i t a m i n  was g i v e n  by 
mouth i n  a d o s a g e  o f  2c mg. d a i l y .
-  201 -
The E f f e c t  o f  v i t a m i n  K t h e r a p y  on t h e  d e p r e s s e d  
p r o t h r o m b i n  a c t i v i t y  o f  normal  i n d i v i d u a l s  r e c e i v i n g  
sodium s a l i c y l a t e  o r a l l y .
i n  t h e  f i r s t  t h r e e  c a s e s  d e s c r i b e d  i n  t h i s  s e c t i o n ,  t h e  
sodium s a l i c y l a t e  a d m i n i s t r a t i o n  was s to p p e d  on th e  day on 
which  v i t a m i n  K t r e a t m e n t  was i n s t i t u t e d .
Oase 2 ( a l r e a d y  d e s c r i b e d  on page 1 2 9) .
P r o t h r o m b i n  a c t i v i t y  b e f o r e  a d m i n i s t r a t i o n  o f  s a l i c y l a t e :  112 
P r o th r o m b i n  a c t i v i t y  when s a l i c y l a t e  was s to p p e d  a n d  
v i t a m i n  K t h e r a p y  was begun  on t h e  1 2 t h  d a y ;  41
TABLE XL.
Time ( d a y s ) .  Serum s a l i c y l a t e  ^ u g . / m l . ) .  P r o th r o m b i n  a c t i v i t y ,  
x 12 2 o6 41
13 87 67
14 -  112
15 -  112
xx 16 -  112
17 -  112
18 -  110
19 -  112
20 -  110
21  . ' . -  112
x S a l i c y l a t e  s to p p e d  and v i t a m i n  K b e g u n ,  
xx v i t a m i n  K t r e a t m e n t  s t o p p e d .
-  2 q 2  -
Comment; A f t e r  s t o p p i n g  s a l i c y l a t e  a d m i n i s t r a t i o n  and 
g i v i n g  20 mg. v i t a m i n  K d a i l y ,  t h e  p r o t h r o m b i n  a c t i v i t y  r o s e  
from 41 on t h e  t w e l f t h  day  t o  112 on t h e  f o u r t e e n t h .
I t  i s  n o t  p o s s i b l e ,  from t h e s e  o b s e r v a t i o n s ,  t o  c o n c lu d e  
w h e t h e r  t h e  v i t a m i n  K t h e r a p y  a c u t a l l y  p r o d u c ed  any s i g n i f i c a n t  
r e d u c t i o n  i n  t h e  p e r i o d  r e q u i r e d  f o r  t h e  p r o t h r o m b i n  a c t i v i t y  
t o  r e t u r n  t o  i t s  no rm a l  v a l u e ,  f o r  o n ly  2 t o  3 d a y s  w ere  
n e c e s s a r y  f o r  t h i s  t o  o c c u r  when jno v i t a m i n  K was  g i v e n  to  
norm al  s u b j e c t s  i n  whom s i m i l a r  s a l i c y l a t e  l e v e l s  had b e e n  
m a i n t a i n e d .
-  203 ~
C ase  7 ( a l r e a d y  d e s c r i b e d  on page  1 3 3 ) .
P r o t h r o m b i n  a c t i v i t y  b e f o r e  a d m i n i s t r a t i o n  o f  s a l i c y l a t e s  100_ 
P r o t h r o m b i n  a c t i v i t y  when s a l i c y l a t e  was  s to p p e d  and  
v i t a m i n  K - t h e r a p y  was b e g a n  on 1 2 t h  days 21
TABLE XLI.
Time ( d a y s ) .  Seram s a l i c y l a t e  ^ - g . / m l . ) .  P r o t h r o m b i n  a c t i v i t y ,  
x  12 332 21
13 195 30
14 72 57
15 -  100
16 -  100
xx 17 -  100
18 -  65
19 -  80
20  -  100
21 -  100
x S a l i c y l a t e  s to p p e d  and v i t a m i n  K began*
xx v i t a m i n  K s t o p p e d .
Comment: I n  t h i s  c a s e ,  t h e  p r o t h r o m b i n  a c t i v i t y  r o s e  f rom 21
on t h e  t w e l f t h  day t o  100 on t h e  f i f t e e n t h  d a y . As i n  c a s e  2 ,  
t h e r e  was ho s i g n i f i c a n t  a c c e l e r a t i o n  i n  t h e  r e t a r n  to no rm a l  
o f  t h e  p r o t h r o m b i n  a c t i v i t y  a l t h o u g h  v i t a m i n  K was g iv e n s  
c e s s a t i o n  o f  s a l i c y l a t e  t h e r a p y  a l o n e  a p p e a r e d  to  g i v e  s i m i l a r  
r e s u l t s .
-  204 -
I t  m igh t  be  c o n c l u d e d  t h a t ,  i n  a normal  i n d i v i d u a l  
w i t h  a no rm a l  i n t a k e  and a b s o r p t i o n  o f  v i t a m i n  K, t h e  r e t u r n  
t o  n o rm a l  o f  a p r o t h r o m b i n  a c t i v i t y  d e p r e s s e d  by s a l i c y l a t e  
t h e r a p y  i s  n o t  h a s t e n e d  b y  o r a l  a d m i n i s t r a t i o n  of  v i t a m i n  K*
Case  10 ( a l r e a d y  d e s c r i b e d  on page  138 ) .
P r o t h r o m b i n  a c t i v i t y  b e f o r e  a d m i n i s t r a t i o n  of s a l i c y l a t e :  100 
P r o t h r o m b i n  a c t i v i t y  when s a l i c y l a t e  was s to p p e d  and
v i t a m i n  K t h e r a p y  was begun  on 1 2 t h  d a y :  2o
TABLE X L II .
Time ( d a y s ) .  Serum s a l i c y l a t e  ^ /* g . /m l* ) .  P r o t h r o m b i n  a c t i v i t y ,  
x  12 434  2 o
13 227 25
14 106 4  2
15 -  62
16 -  100
xx 17 -  100
18 -  100
19 -  96
20 -  100
21  -  100
x S a l i c y l a t e  s to p p e d  an d  v i t a m i n  K b e g u n ,  
xx v i t a m i n  K s t o p p e d .
Comment: The p r o t h r o m b i n  a c t i v i t y  o f  2o on t h e  t w e l f t h  day
had r i s e n  to  ICO on t h e  s i x t e e n t h ,  and  a g a i n  i t  d i d  n o t  a p p e a r  
t h a t  t h e  r a t e  o f  t h e  r e t u r n  t o  norm a l  o f  t h e  p r o th r o m b i n  l e v e l  
had b e e n  i n  any way i n f l u e n c e d  by v i t a m i n  t h e r a p y .
I n  t h e  f o l l o w i n g  t h r e e  c a s e s ,  s i m i l a r  o b s e r v a t i o n s  w ere  
made,  b u t  t h e  s a l i c y l a t e  a d m i n i s t r a t i o n  was c o n t i n u e d  w i t h o u t  
i n t e r r u p t i o n  a l o n g  w i t h  v i t a m i n  K« The d o s a g e  o f  t h e  l a t t e r  
was 20 mg. p e r  day .
C ase  1. ( a l r e a d y  d e s c r i b e d  on page 1 2 7 ) .
P r o t h r o m b i n  a c t i v i t y  b e f o r e  a d m i n i s t r a t i o n  o f  sodium
s a l i c y l a t e :  100
P r o t h r o m b i n  a c t i v i t y  when v i t a m i n  K t h e r a p y  was b e g u n  on
1 2 t h  d a y :  48
TABLE X L III .
Time ( d a y s ) .  Serum s a l i c y l a t e  ( ^ g . / m l . ) .  P r o th r o m b i n  a c t i v i t y .




xx  16 135 100
17 130 74
18 130 55
19 132 ‘ 55
20 136 48
21 130 48
x  v i t a m i n  K beg u n .
xx v i t a m i n  K s t o p p e d .
Comment: I n  t h i s  c a s e  t h e  a d m i n i s t r a t i o n  o f  v i t a m i n  K
p ro d u c e d  a r i s e  i n  a c t i v i t y  from 48 t o  100 a f t e r  t h r e e  d ay s  
a l t h o u g h  r e a s o n a b l y  c o n s t a n t  serum s a l i c y l a t e  l e v e l s  were
-  207 -
m a i n t a i n e d .
C e s s a t i o n  o f  v i t a m i n  £  t r e a t m e n t  was f o l l o w e d  by a f a l l  
i n  p r o t h r o m b i n  a c t i v i t y  t o  48 a g a i n  i n  f o u r  d a y s .
-  208 -
C ase  4 ( a l r e a d y  d e s c r i b e d  on page  I 3 2 ) .
P r o t h r o m b i n  a c t i v i t y  b e f o r e  a d m i n i s t r a t i o n  o f  sodium
s a l i c y l a t e :  73
P r o t h r o m b i n  a c t i v i t y  when v i t a m i n  K t h e r a p y  was begun
on 1 2 t h  d ay :  27
. TABLE XLIV.
Tim e ( d a y s ) .  serum s a l i c y l a t e  ^ / t g . / m l * ) . P r o th r o m b i n  a c t i v i t y ,  
X 12 2 8 0  27





xx 18 280 100
19 286 52
2 0 282 36
21 280  30
22 285 30
23 286 30
x v i t a m i n  K begun*
xx v i t a m i n  K s topped*
Comment: The l e v e l  o f  serum s a l i c y l a t e  i n  t h i s  c a s e  was
abou t  280  m ic ro g r a m s  p e r  m l .  t h r o u g h o u t  t h e  i n v e s t i g a t i o n ,  
compared w i t h  t h e  r e l a t i v e l y  low v a l u e s  o f  130 m icrogram s  p e r  
ml. i n  c a s e  1 *
The p r o t h r o m b i n  a c t i v i t y  r o s e  from 27 on th e  t w e l f t h  day
-  209 -
t o  lo o  on t h e  s e v e n t e e n t h  w h i l e  v i t a m i n  K was b e i n g  g i v e n .  
A f t e r  c e s s a t i o n  o f  v i t a m i n  K t r e a t m e n t  t h e  a c t i v i t y  d ro p p e d  
b a c k  t o  a v a l u e  o f  30  w i t h i n  f o u r  d a y s .
-  210 -
C ase  1 2 . ( a l r e a d y  d e s c r i b e d  on page 140) .
P r o t h r o m b i n  a c t i v i t y  b e f o r e  a d m i n i s t r a t i o n  o f  sodium
s a l i c y l a t e s  100
p r o t h r o m b i n  a c t i v i t y  when v i t a m i n  K t h e r a p y  was b eg u n  19
on l ^ t h  d a y ;
TAEbi] XLV.
Time ( d a y s ) .  Serum s a l i c y l a t e  ^ A - g . /m l . ) .  P r o th r o m b i n  a c t i v i t y ,  
x  12 404  19
13 4C0 26
14 409 . 36
15 405 58
16 410  100
17 406  100
xx 18 402 100
19 408 65
20 400 34
21 404  21
22 407 18
23 4 1 0  18
x v i t a m i n  K b e g u n ,
xx v i t a m i n  K s to p p ed *
Comment; The serum s a l i c y l a t e  was m a i n t a i n e d  a t  a much- 
h i g h e r  l e v e l  i n  t h i s  c a s e ,  w i th  a d o sag e  o f  20 g r .  f o u r  h o u r l y .  
The a c t i v i t y  r o s e  f rom 19 to  100 a f t e r  f o u r  days  t r e a t m e n t  
w i th  v i t a m i n  K -  a p e r i o d  s i m i l a r  t o  t h a t  o b s e rv e d  i n  c a s e  4 ,  
and s l i g h t l y  l o n g e r  t h a n  i n  c a s e  1 where t h e  serum s a l i c y l a t e  
l e v e l s  were  low.
-  211  -
by a 
and
C e s s a t i o n  o f  v i t a m i n  K t h e r a p y  was i m m e d i a t e l y  f o l l o w e d  
s h a r p  f a l l  i n  t h e  p r o t h r o m b i n  a c t i v i t y  t o  34 i n  two d a y s  
t o  18 a f t e r  a f u r t h e r  tw o  d a y s .
-  212  -
The E f f e c t  o f  V i t a m i n  K t h e r a p y  on t h e  d e p r e s s e d  
p r o t h r o m b i n  l e v e l s  o f  i n d i v i d u a l s  s u f f e r i n g  from 
v a r i o u s  d i s e a s e s  and  r e c e i v i n g  sodium s a l i c y l a t e  
o r a l l y .
P e r n i c i o u s  a n a e m ia .
C ase  3* ( a l r e a d y  d e s c r i b e d  on page  15o)«
P r o t h r o m b i n  a c t i v i t y  b e f o r e  a d m i n i s t r a t i o n  of  s a l i c y l a t e s  100
P r o t h r o m b i n  a c t i v i t y  when s a l i c y l a t e  was s to p p e d  and
v i t a m i n  K t h e r a p y  was b e g u n  on 7 t h  d a y :  21
TABLE XLVI.









S a l i c y l a t e s t o p p e d ,  an d v i t a m i n  K t h e r a p y  b e g u n .
-  213 -
P e r n i c i o u s  a n a e m i a .
Case  4 ( a l r e a d y  d e s c r i b e d  on page 151)*
P r o t h r o m b i n  a c t i v i t y  b e f o r e  s a l i c y l a t e  a d m i n i s t r a t i o n :  112
P r o t h r o m b i n  a c t i v i t y  when v i t a m i n  K was b eg u n  on t h e
7 t h  day ( t h e  s a l i c y l a t e  t r e a t m e n t  b e i n g  c o n t i n u e d )  : 20
table  x l v i i .
Time ( d a y s ) .  Serum s a l i c y l a t e  P r o t h r o m b i n  a c t i v i t y





12 4 2 c  100
13 422 88
14 420 100
x v i t a m i n  K t r e a t m e n t  begun .
Comment: I n  c a s e s  3 and 4 of' p e r n i c i o u s  anaem ia  t h e
p r o t h r o m b i n  a c t i v i t y  was ab o u t  2 q a f t e r  s ev e n  days* s a l i c y l a t e  
a d m i n i s t r a t i o n .
T r e a t m e n t  w i t h  2o mg. v i t a m i n  K p e r  day f rom t h e  s e v e n t h  
day gave  r i s e ,  i n  c a s e  3 ,  t o  an  i n c r e a s e  i n  t h e  a c t i v i t y  t o  
lOO a f t e r  s i x  d a y s ;  i n  c a s e  k,  t h e  p r o t h r o m b i n  a c t i v i t y  
r e ac h e d  lOO a f t e r  f i v e  d a y s  even  a l t h o u g h  h i g h  s a l i c y l a t e  l e v e l s  
were m a i n t a i n e d ,  i n  c o n t r a s t  t o  c a s e  3-
-  214 -
Th e se  r e s u l t s  seem t o  i n d i c a t e  t h a t  v i t a m i n  K was J u s t  
a s  e f f e c t i v e  i n  c o u n t e r a c t i n g  t h e  d e p r e s s i n g  e f f e c t  o f  
s a l i c y l a t e  on p r o t h r o m b i n  a c t i v i t y  when a d m i n i s t r a t i o n  o f  
t h e  d r u g  was c o n t i n u e d .  I t  i s  p o s s i b l e ,  n e v e r t h e l e s s ,  t h a t  
a s m a l l e r  d o se  o f  t h e  v i t a m i n  m ig h t  have  b e e n  i n e f f e c t i v e  
i n  c a s e  4 ,  t h e  r e l a t i v e l y  h i g h  dose  o f  20 mg. p e r  day  g i v i n g  
s i m i l a r  r e s u l t s  i n  b o t h  c a s e s  b e c a u s e  i t  m ig h t  have  b een  i n  
e x c e s s  i n  c a s e  3 and n e a r  t h e  o p t i m a l  dose  i n  c a s e  4*
-  215 -
H yperthyro id ism .
Case 1. ( a l r e a d y  d e s c r i b e d  on page 1 5 2 ) .
B a s a l  M e t a b o l i c  R a te  +4 6 %
P r o t h r o m b i n  a c t i v i t y  b e f o r e  s a l i c y l a t e  t r e a t m e n t  was
commenced: 30
P r o t h r o m b i n  a c t i v i t y  when v i t a m i n  K t r e a t m e n t  was
commenced on t h e  9 t h  day : 16
Sodium s a l i c y l a t e  m e d i c a t i o n  was c o n t i n u e d  t h r o u g h o u t  t h i s  
i n v e s t i g a t i o n *
TABLE X LV III .
Time ( d a y s ) .  Serum s a l i c y l a t e  ( y ^ / m l . ) .  P r o th r o m b i n  a c t i v i t y .
x 9 366 16
10 366 . 17





x v i t a m i n  K t h e r a p y  commenced.
Comment: T r e a t m e n t  w i t h  2o mg. v i t a m i n  K p e r  day was begun
on th e  n i n t h  day  when t h e  a c t i v i t y  was 16 .  W i t h i n  f i v e  d a y s ,  
t h e  p r o t h r o m b i n  a c t i v i t y  had r i s e n  t o  63 a l t h o u g h  t h e  serum 
s a l i c y l a t e  l e v e l  had b e e n  m a i n t a i n e d  a ro u n d  a c o n c e n t r a t i o n  o f  
36o m ic ro g ra m s  p e r  m i ­
l e  t h i s  c a s e ,  n o t  o n ly  d i d  t h e  v i t a m i n  K t h e r a p y  c o r r e c t
-  a 6  -
t h e  h y p o p r o th r o m b i n a e m i c  e f f e c t  o f  s a l i c y l a t e ,  b u t  i t  r e d u c e d  
t o  a c o n s i d e r a b l e  e x t e n t  t h e  o r i g i n a l  p r o t h r o m b i n  d e f i c i e n c y .
-  217 -
C h r o n i c  m y e lo id  l e u k a e m i a .
Case  1 ( a l r e a d y  d e s c r i b e d  on page  155)*
P r o t h r o m b i n  a c t i v i t y  b e f o r e  s a l i c y l a t e  a d m i n i s t r a t i o n
was b e g u n :  24
P r o t h r o m b i n  a c t i v i t y  when s a l i c y l a t e  was s to p p e d  on t h e
7 t h  d a y :  13
T r e a t m e n t  w i t h  v i t a m i n  K was n o t  begun  u n t i l  t h e  f o u r t e e n t h
d a y ,  when t h e  p r o t h r o m b i n  a c t i v i t y  was:  18
TABLE C.
Time ( d a y s ) .  Serum s a l i c y l a t e  ^ g . / m l . ) .  P r o th r o m b i n  a c t i v i t y .
14 -  18
15 -  19
16 -  25
17 38
18 -  53
19 -  42
20 -  53
21  -  53
-  218 -
C h r o n i c  m y e lo id  l e u k a e m i a .
Case  2 .  ( a l r e a d y  d e s c r i b e d  on page  1 5 7 ) .
P r o t h r o m b i n  a c t i v i t y  b e f o r e  s a l i c y l a t e  t r e a t m e n t  was b e g u n :29
P r o t h r o m b i n  a c t i v i t y  when v i t a m i n  K. t h e r a p y  was b e g a n  on
t h e  9 t h  d a y :  15
TABLE XLIX.
Time ( d a y s ) .  seru m  s a l i c y l a t e  ( ^ g . / m l . ) .  P r o t h r o m b i n  a c t i v i t y  
x 9 430  15
10 428 15
11 435 19
12 4 3 9  20
13 4 3 0  20
14 433 23
15 434  24
16  4 3 6  2 4
17 4 3 0  22
18 432 24
19 434  26
x v i t a m i n  K t h e r a p y  b e g u n .
Commentss I n  c a s e  1, t h e r e  was an  i n t e r v a l  o f  s e v e n  days  
be tw een  t h e  c e s s a t i o n  o f  s a l i c y l a t e  a d m i n i s t r a t i o n  and t h e  
b e g i n n i n g  o f  v i t a m i n  K t h e r a p y .  P r o th r o m b in  a c t i v i t y  r o s e  
from 18 on t h e  f o u r t e e n t h  d ay t o  53 on t h e  e i g h t e e n t h ,  20 mg. 
of  v i t a m i n  K b e i n g  a d m i n i s t e r e d  d a i l y  d u r i n g  t h i s  p e r i o d .
Over t h e  s u c c e e d i n g  t h r e e  days  t h e  p r o th r o m b in  l e v e l  showed
-  219 -
no t e n d e n c y  t o  r e a c h  h i g h e r  v a l u e s .  The r e s p o n s e  n o te d  was 
c o n s i d e r e d  f a i r l y  s a t i s f a c t o r y  i n  v ie w  o f  t h e  low a c t i v i t y  o f  
24 w hich  was fo u n d  a t  th e  b e g i n n i n g  o f  th e  i n v e s t i g a t i o n  b e f o r e  
any s a l i c y l a t e  had been  g i v e n ,  a n d  w hich  had b e e n  a t t r i b u t e d  
t o  d e f e c t i v e  f u n c t i o n  o f  t h e  l e u k a e m i c  l i v e r .
I n  c a s e  2 ,  t h e  c o n c e n t r a t i o n  o f  serum s a l i c y l a t e  was 
m a i n t a i n e d  a ro u n d  4 3 0  m ic ro g ram s  p e r  m l .  V i t a m i n  K t r e a t m e n t ,  
commenced on t h e  n i n t h  day when th e  a c t i v i t y  was 15 (com pared  
w i t h  an  i n i t i a l  v a l u e  o f  2 9 ) b r o u ^ i t  ab o u t  a r i s e  t o  o n ly  24 
a f t e r  s i x  d a y s ,  and no a p p r e c i a b l e  i n c r e a s e  o c c u r r e d  t h e r e a f t e r .
From t h e s e  o b s e r v a t i o n s ,  i t  was c o n c lu d e d  t h a t  i n  c a s e  2 
t h e  c o n t i n u e d  a d m i n i s t r a t i o n  o f  s a l i c y l a t e  d e p r e s s e d  t h e  
p r o t h r o m b i n  a c t i v i t y  t o  a l e v e l  w h ich  c o u l d  no t  be c o u n t e r a c t e d  
by t h e  a d m i n i s t r a t i o n  o f  v i t a m i n  K b e c a u s e  t h e  l e u k a e m ic  l i v e r  
was u n a b l e  t o  s y n t h e s i s  e f f e c t i v e  amounts  o f  p r o th r o m b i n .
In  c a s e  1, a l t h o u g h  l i v e r  f u n c t i o n  was i m p a i r e d ,  c e s s a t i o n  o f  / 
s a l i c y l a t e  t h r e w  l e s s  s t r a i n  on t h e  l e u k a e m i c  l i v e r  and a i d e d  
by t h e  v i t a m i n  K, t h e  l i v e r  was a b l e  to  s y n t h e s i s  s u f f i c i e n t  
p r o th r o m b i n  to  r a i s e  th e  a c t i v i t y  t o  5 3 *
-  220  -
C h r o n i c  R h e u m a to id  A r t h r i t i s .
Case  1 ( a l r e a d y  d e s c r i b e d  on p ag e  l 6o ) .
V i t a m i n  K t r e a t m e n t  was  i n s t i t u t e d  on t h e  s e v e n t e e n t h  d a y ,  
f i v e  d a y s  a f t e r  s a l i c y l a t e  m e d i c a t i o n  was d i s c o n t i n u e d .
P r o t h r o m b i n  a c t i v i t y  b e f o r e  s a l i c y l a t e  was b egun :  63
P r o t h r o m b i n  a c t i v i t y  when s a l i c y l a t e  was s to p p e d
on t h e  12t h  day : 23
P r o t h r o m b i n  a c t i v i t y  on s e v e n t e e n t h  day :  39
TABLE C l .  '
Time ( d a y s ) .  Serum s a l i c y l a t e  ^ w g . / m l . ) .  P r o th r o m b i n  a c t i v i t y .  
x  17 -  39
18 -  39
19 . > . 3 9
20 -  41
21 -  39
x v i t a m i n  K t h e r a p y  b e g u n .
-  221  -
C h r o n i c  R h eu m ato id  A r t h r i t i s .
Case 3* ( a l r e a d y  d escr ib ed  on page 1 6 2 ) .
Sodium s a l i c y l a t e  m e d i c a t i o n  was c o n t i n u e d  t h r o u g h o u t  t h i s  
i n v e s t i g a t i o n  w i t h o u t  i n t e r u p t i o n .
V i t a m i n  K t h e r a p y  was begun  on t h e  n i n t h  day .
P r o t h r o m b i n  a c t i v i t y  b e f o r e  s a l i c y l a t e  a d m i n i s t r a t i o n  was
b e g u n :  100
P r o t h r o m b i n  a c t i v i t y  when v i t a m i n  K t h e r a p y  was b eg u n  on
t h e  9 t h  day : 28
TABLE C H . .
Time ( d a y s ) .  serum s a l i c y l a t e  {ujg*/m l . ) .  P r o th r o m b i n  a c t i v i t y .










x v i t a m i n  K b e g u n .
Comments I n  c a s e  1, s a l i c y l a t e  m e d i c a t i o n  was s to p p e d  on 
th e  t w e l f t h  d a y  and  t h e  serum was f r e e  o f  s a l i c y l a t e  on t h e
-  2 2 2  -
s e v e n t e e n t h  flay o f  t h e  i n v e s t i g a t i o n ,  when t r e a t m e n t  w i t h  
v i t a m i n  K was begun  i n  a d o s e  o f  2q mg. p e r  day .  No 
a p p r e c i a b l e  a l t e r a t i o n  i n  p r o t h r o m b i n  a c t i v i t y  o c c u r r e d  from 
t h e  s e v e n t e e n t h  t o  t h e  t w e n t y f  i r s t  day w h i l e  v i t a m i n  K was 
b e i n g  a d m i n i s t e r e d ,  d e s p i t e  t h e  d i m i n u t i o n  o f  t h e  e f f e c t  o f  
t h e  s a l i c y l a t e  w h ich  must hav e  been t a l c i n g  p l a c e  d u r i n g  t h i s  
p e r i o d .  I t  was c o n s i d e r e d  t h a t  e i t h e r  t h e  v i t a m i n  K was no t  
b e i n g  a b s o r b e d ,  o r  t h a t  i n  t h i s  s u b j e c t  t h e r e  v, a s  some 
u n u s u a l  i n t e r f e r e n c e  w i t h  p r o t h r o m b i n  s y n t h e s i s .  B e f o r e  
s a l i c y l a t e  a d m i n i s t r a t i o n  t h e r e  was a p p a r e n t l y  a m o d e r a t e  
im p a i rm e n t  o f  p r o t h r o m b i n  s y n t h e s i s ,  f o r  t h e  a c t i v i t y  a t  t h e  
s t a r t  o f  t h e  i n v e s t i g a t i o n  was 6 3 .
I n  c a s e  3 , a r i s e  i n  p r o t h r o m b i n  a c t i v i t y  f rom 28 on t h e  
n i n t h  day  t o  65 on th e  e i g h t e e n t h  was o b s e r v e d ,  d e s p i t e  t h e  
m a i n t e n a n c e  o f  a serum s a l i c y l a t e  c o n c e n t r a t i o n  a r o u n d  300 
m ic ro g r a m s  p e r  m l .  T h e s e  f i g u r e s  seem to i n d i c a t e  t h a t  
a b s o r p t i o n  o f  v i t a m i n  K was s a t i s f a c t o r y  and t h a t  p r o t h r o m b i n  
s y n t h e s i s  was a b l e  to  p r o c e e d  n o r m a l l y  when s u f f i c i e n t  v i t a m i n  
K was p r e s e n t  t o  c o u n t e r a c t  t h e  e f f e c t  o f  s a l i c y l a t e .
-  223 -
C h r o n i c  U l c e r a t i v e  C o l i t i s .
C ase  1. ( a l r e a d y  d e s c r i b e d  on page  16 3) .
Sodium s a l i c y l a t e  was  a d m i n i s t e r e d  t h r o u g h o u t  t h i s  i n v e s t i g a t i o n .
P r o t h r o m b i n  a c t i v i t y  b e f o r e  s a l i c y l a t e  a d m i n i s t r a t i o n
was b e g u n :  38
P r o t h r o m b i n  a c t i v i t y  when v i t a m i n  K t h e r a p y  was begun
on t h e  l i f t h  d ay :  15
TABLE C I I I .
Time ( d a y s ) .  Serum s a l i c y l a t e  (// t g - . / m l . ) . P r o t h r o m b i n  a c t i v i t y .




18 310  33
19 307 4 4
20 316 67






-  2 2 i f  -
Chronic U l c e r a t i v e  C o l i t i s .
C ase  2 ( a l r e a d y  d e s c r i b e d  on page 165)-
Sodiura s a l i c y l a t e  a d m i n i s t r a t i o n  was c o n t i n u e d  t h r o u g h o u t .
P r o t h r o m b i n  a c t i v i t y  b e f o r e  s a l i c y l a t e  was b e g u n :  3$
P r o t h r o m b i n  a c t i v i t y  when v i t a m i n  K was b egun  on
t e n t h  d a y ;  15
TABLE CIV.
Time ( d a y s ) .  Serum s a l i c y l a t e  ( i * g - / m l . ) .  P ro  t h r o m b i n  a c t i v i t y .
/
10 3 I 6 13
11 316 15
12 32 0 16
13 3 24 18





Comment: B o t h  c a s e s  o f  u l c e r a t i v e  c o l i t i s  showed an  i n c r e a s e
i n  p r o t h r o m b i n  a c t i v i t y  when v i t a m i n  1C t h e r a p y  was i n s t i t u t e d .
i n  c a s e  1 , t h e  a c t i v i t y  r o s e  from 15 t o  6?  a f t e r  s e v e n  
days  -  a l t h o u g h  t h e r e  w as  a s l i g h t  d r o p  n e x t  day  -  an d  t h e  
a c t i v i t y  showed l i t t l e  a l t e r a t i o n  t h e r e a f t e r .
I n  c a s e  2 ,  t h e r e  was a r i s e  i n  p r o th r o m b i n  a c t i v i t y  from 
15 on t h e  t e n t h  d a y  t o  29 on th e  f i f t e e n t h ,  t h e  f i g u r e
-  225 -
r e m a i n i n g  a b o u t  t h i s  v a l u e  d u r i n g  t h e  r e m a i n i n g  t h r e e  d a y s
of' t h e  i n v e s t i g a t i o n .
T h e se  r e s u l t s  seemed t o  i n d i c a t e  t h a t  i n  c a s e  1, v i t a m i n  
K was e f f e c t i v e  i n  c o u n t e r a c t i n g  t h e  e f f e c t  o f  t h e  s a l i c y l a t e :  
i n  c a s e  2 ,  h o w ev e r ,  v i t a m i n  K had l e s s  e f f e c t ,  e i t h e r  b e c a u s e  
a b s o r p t i o n  f rom t h e  damaged i n t e s t i n e  was i m p a i r e d ,  o r  
s y n t h e s i s  o f  p r o t h r o m b i n  was l e s s  e f f i c i e n t  t h a n  n o rm a l .
«
-  226 -
Acute and Subacute Rheumatism.
Case  1. ( a l r e a d y  d e s c r i b e d  on page 1 6 7 ) .
Sodium s a l i c y l a t e  t r e a t m e n t  was c o n t i n u e d  t h r o u g h o u t  t h i s  
i n v e s t i g a t  i o n .
P r o t h r o m b i n  a c t i v i t y  b e f o r e  s a l i c y l a t e  a d m i n i s t r a t i o n  was
b e g u n :  100
P r o t h r o m b i n  a c t i v i t y  when v i t a m i n  K  t r e a t m e n t  w a s  b eg u n
on t h e  1 1 th  d a y :  17
TABLE OV.
Time ( d a y s ) .  Serum s a l i c y l a t e  ( :*<g. /ml. ) .  P r o t h r o m b i n  a c t i v i t y .
11  334  17
12 338 17
13  330  22
14  3 3 9  28
15 342  43
- 331  74
17 334  120
18 336  100
19  330  100
20  338  70
2 1  340  100
-  227 -
A c u t e  an d  S u b a c u t e  R h e u m a t i s m .
C ase  3 . ( a l r e a d y  d e s c r i b e d  on p a g e  1 6 9) .
Sodium s a l i c y l a t e  was a d m i n i s t e r e d  t h r o u g h o u t  i n  t h i s  c a s e .
p r o t h r o m b i n  a c t i v i t y  b e f o r e  s a l i c y l a t e  t r e a t m e n t  was b e g u n :  74
P r o t h r o m b i n  a c t i v i t y  when v i t a m i n  K t r e a t m e n t  was b egun  on
t h e  1 1 t h  days  20
TABLE 071.
Time ( d a y s ) .  Serum s a l i c y l a t e  y * g * / m l . ) .  P r o t h r o m b i n  a c t i v i t y .
11 318  20




16 320  38
17 317 54
18 3 2 3  42
19 316  62




24  326  74
25 314 74
26 314  74
-  228 -
Comment: I n  c a s e  1 ,  a r i s e  i n  p r o t h r o m b i n  a c t i v i t y  f rom  17
on t h e  1 1 t h  day (when v i t a m i n  K t h e r a p y  was i n s t i t u t e d )  t o  12o 
on t h e  s e v e n t e e n t h  day was o b s e r v e d ,  d e s p i t e  a c o n c e n t r a t i o n  
o f  serum s a l i c y l a t e  o f  3 3 0 -3 4 0  m ic ro g ram s  p e r  ml .
I n  c a s e  3r "the e x p e r i m e n t a l  c o n d i t i o n s  were  s i m i l a r ,  b u t  
t h e  r i s e  i n  p r o t h r o m b i n  a c t i v i t y  was s l o w e r ,  a f i g u r e  o f  20 
r i s i n g  t o  42  a f t e r  s e v e n  d a y s  v i t a m i n  K t r e a t m e n t ,  t o  74 a f t e r  
n in e  days ,  and r e m a i n i n g  a ro u n d  t h i s  f i g u r e  t h e r e a f t e r .
T h e se  r e s u l t s  s u g g e s t  t h a t  c o n s i d e r a b l e  i n d i v i d u a l  
v a r i a t i o n s  i n  t h e  r e s p o n s e  t o  v i t a m i n  K t r e a t m e n t  o c c u r .
- 2 2  9
CHAPTER X I .
VITAMIN C IN SALICYLATE THERAPY
-  230 -
CHAPTER XI.
V i t a m i n  C i n  S a l i c y l a t e  T h e r a p y .
V i t a m i n  C -  S o u rc e  and D i s t r i b u t i o n .
I n  1924> Z i l v a  ( I 9 2 4 ) made one o f  t h e  e a r l i e s t  a t t e m p t s  
t o  i s o l a t e  v i t a m i n  C, and he s u c c e e d e d  i n  e f f e c t i n g  a 300 f o l d  
c o n c e n t r a t i o n .  P o u r  y e a r s  l a t e r ,  S z e n t - G y o r g i  i s o l a t e d  from 
a d r e n a l  c o r t e x  and c ab b ag e  h e x u r p n i c  a c i d .
I n  1932,  Waugh and K ing  (1 9 3 2 )  i s o l a t e d  t h e  v i t a m i n  f rom 
lemon j u i c e  and  i d e n t i f i e d  i t  w i t h  h e x u r p n i c  a c i d .  The 
c h e m ic a l  c o n s t i t u t i p n  o f  t h e  v i t a m i n  v,as e s t a b l i s h e d  by th e  
work o f  H aw o r th ,  H i r s t ,  and a number o f  o t h e r  w o rk e rs  i n  1932 ,  
and a y e a r  l a t e r  H aw or th  and  H i r s t  ( A u l t  e t  a l )  (1933)  
s y n t h e s i z e d  a s c o r b i c  a c i d .  i t s  f o r m u la  was  shown t o  b e
A s c o r b i c  a c i d  c o n t a i n s  a n  a s y m m e t r i c  c a r b o n  a tom ,  and 
c o n s e q u e n t l y  d i s p l a y s  o p t i c a l  a c t i v i t y .  The b i o l o g i c a l l y  
a c t i v e  form i s  l a e v o - a s c o r b i e  a c i d .  The d e x t r o - f o r m  i s  
i n a c t i v e .  A s c o r b i c  a c i d  i s  r e a d i l y  o x i d i z e d  to  d e h y d r o a s c o r b i c  
a c i d ,  a s u b s t a n c e  w h ich  i s  s t i l l  b i o l o g i c a l l y  a c t i v e .  The 




V i t a m i n  C i s  fo u n d  t o  t h e  g r e a t e s t  e x t e n t  i n  b l a c k  
c u r r a n t s ,  r o s e  h i p s ,  c i t r u s  f r u i t s ,  and many f r e s h  g r e e n  
v e g e t a b l e s .  M os t  a n i m a l  fo o d s  a r e  p o o r  s o u r c e s ,  and  l i t t l e  
i s  s t o r e d  i n  t h e  b o d y .  H e re  i t  i s  fo u n d  i n  g r e a t e s t  
c o n c e n t r a t i o n  i n  t h e  a d r e n a l  c o r t e x .
ph y s i o l o g i c a l  A c t i o n .
A s c o r b i c  a c i d  a p p e a r s  t o  be i n t i m a t e l y  c o n c e r n e d  w i t h  
th e  f o r m a t i o n  o f  i n t e r c e l l u l a r  c o l l a g e n o u s  m a t e r i a l .  The 
manner  i n  w h ic h  t h e  v i t a m i n  a c t s  i n  t h i s  p r o c e s s  i s  unknown. 
T h i s  f u n c t i o n  o f  t h e  v i t a m i n  o f f e r s  an  e x p l a n a t i o n  o f  t h e  
o b s e r v a t i o n s  of' g e n e r a t i o n s  o f  s e a f a r e r s ,  who d e s c r i b e d  t h e  
f a i l u r e  o f  wounds t o  h e a l  and t h e  w e a k e n in g  o f  l i g a m e n t s  i n  
s a i l o r s  t h e  v i c t i m s  o f  s c u r v y .
I t  a l s o  a p p e a r s  t h a t  v i t a m i n  C i s  c o n c e rn e d  w i t h  
c a r b o h y d r a t e  m e t a b o l i s m ,  b u t  t h e  e x a c t  r e l a t i o n s h i p  h a s  n o t  
y e t  b e e n  made c l e a r .  i t  seems a l s o  to  be  c o n c e rn e d  w i t h  
s e v e r a l  e n z y m a t i c  p r o c e s s e s ,  b u t  t h e  p a r t  p l a y e d  by a s c o r b i c  
a c id  r e m a i n s  o b s c u r e .
_S c u r v y .
The e s s e n t i a l  p a t h o l o g i c a l  l e s i o n  i n  s e v e r e  v i t a m i n  C 
d e f i c i e n c y  i n  man a p p e a r s  t o  be a w e a k en in g  o f  t h e  c a p i l l a r y  
e n d o t h e l i a l  w a l l ,  g i v i n g  r i s e  t o  h a e m o r r h a g i c  m a n i f e s t a t i o n s  
a t  th e  s i t e s  o f  s t r e s s  o r  t r a u m a .
H a e m o r rh a g e s  may o c c u r  i n  t h e  m u s c l e s  and e x t e n d  i n t o
-  232 -
t h e  s k i n  c a u s i n g  e x t e n s i v e  d i s c o l o u r a t i o n  o r  s im p ly  a 
p e t e c h i a l  r a s h .  E p i s t a x i s ,  s u b p e r i o s t e a l  h a e m o r r h a g e ,  r e t i n a l  
and c e r e b r a l  h a e m o r rh a g e ,  and  b l e e d i n g  from t h e  g a s t r o ­
i n t e s t i n a l  t r a c t  may be s e e n ,  w i t h  t h e  r e s u l t  t h a t  a s e v e r e  
a n a e m ia  can  soon  d e v e l o p ,  which i f  n o t  p r o m p t l y  t r e a t e d  may 
h a v e  a f a t s l  r e s u l t .
D e f i n i t e  i n t e r f e r e n c e  w i t h  t h e  c l o t t i n g  mechanism o f  
b l o o d  i t s e l f ,  h o w e v e r ,  h a s  no t  b e e n  d e s c r i b e d  i n  t h i s  
c o n d i t i o n .
-  233  "
S t u d i e s  on t h e  E f f e c t  o f  A s c o r b i c  A c id  on lo w e re d  
P r o t h r o m b i n  a c t i v i t y  c a u s e d  by S a l i c y l a t e  A d m i n i s t r a t i o n
I n  t h e  f o l l o w i n g  s e r i e s  o f  i n v e s t i g a t i o n s ,  t h e  e f f e c t  
o f  a s c o r b i c  a c i d  was s t u d i e d  when g i v e n
( a )  a l o n e ,  e i t h e r  b e f o r e  o r  a f t e r  v i t a m i n  K t h e r a p y ,
and
( b )  a l o n g  w i t h  v i t a m i n  K-
— 234  **
Group 1 : Normal  s u b j e c t s  r e c e i v i n g  sodium s a l i c y l a t e
t h r o u g h o u t  t h e  i n v e s t i g a t i o n ,  t o  whom 450  mg. a s c o r b i c  a c i d  
was a d m i n i s t e r e d  d a i l y ,  a t  f i r s t  w i t h o u t  v i t a m i n  K, and l a t e r  
a l o n g  w i t h  20 mg. v i t a m i n  K d a i l y .
C ase  5 ( p r e v i o u s l y  d e s c r i b e d  on p a g e  1 3 3 ) .
A s c o r b i c  a c i d  t h e r a p y  began  on t h e  t h i r t e e n t h  day and 
was c o n t i n u e d  t h r o u g h o u t  th e  i n v e s t i g a t i o n ,  s u p p le m e n t e d  by 
v i t a m i n  K (2 0  mg. d a i l y )  from t h e  e i g h t e e n t h  d a y .
P r o th r o m b i n  a c t i v i t y  b e f o r e  s a l i c y l a t e  a d m i n i s t r a t i o n ;  100
P r o th r o m b i n  a c t i v i t y  when a s c o r b i c  a c i d  t h e r a p y  was
b eg u n  on 13t h  d a y :  32
TABbN g v i i .
Time ( d a y s ) .  Serum s a l i c y l a t e  (y^g*/ml.) P r o t h r o m b i n  a c t i v i t y
x 13 265 32
14 260 32
15 266  38
16 263 32
17 263 34
xx 18 2 6 0  34
19 265 4 4
20 266 6c
21 263 78
22 260  100
* a s c o r b i c  a c i d  t h e r a p y  beg u n .  
xx combined v i t a m i n  C and K t h e r a p y  begun .
-  235  -
N orm al  s u b j e c t s *
Case  8 . ( p r e v i o u s l y  d e s c r i b e d  on page 1 3 6 ) .
A s c o r b i c  a c i d  was a d m i n i s t e r e d  from t h e  t w e l f t h  d a y ,  and 
was s u p p le m e n te d  w i t h  v i t a m i n  K o r a l l y  f rom t h e  s e v e n t e e n t h  
day .
P r o t h r o m b i n  a c t i v i t y  b e f o r e  s a l i c y l a t e  a d m i n i s t r a t i o n :  100
P r o t h r o m b i n  a c t i v i t y  when a s c o r b i c  a c i d  t h e r a p y  was b e g u n :  20
TABLE C V III .
Time ( d a y s ) .  Serum s a l i c y l a t e  y c g , / m l . ) .  P r o t h r o m b i n  a c t i v i t y ,  





xx 17 322 20
18 319 24
19 319 31
20  320 60
21 322 100
x v i t a m i n  C t h e r a p y  b e g u n .
xx combined v i t a m i n  C and K t h e r a p y  b egun .
-  236 -
Normal s u b j e c t s .
Case 9 ( P r e v i o u s l y  d e s c r i b e d  on page 1 3 7 ) .
A s c o r b i c  a c i d  t h e r a p y  was s t a r t e d  on t h e  t w e l f t h  d a y ,  and 
v i t a m i n  K was added on t h e  17t h  day .
p r o t h r o m b i n  a c t i v i t y  b e f o r e  s a l i c y l a t e  a d m i n i s t r a t i o n :  l o o
p r o t h r o m b i n  a c t i v i t y  when a s c o r b i c  a c i d  t h e r a p y  was b e g u n :  19
TABLE CIX.
Time ( d a y s ) .  serum s a l i c y l a t e  ( ^ < g . /m l . ) .  p r o t h r o m b i n  a c t i v i t y ,  
x 12 453 19









22 453  100
x v i t a m i n  C begun*
xx combined v i t a m i n  C and K t h e r a p y  b egun .
Qbmment: i n  e a c h  o f  t h e s e  t h r e e  c a s e s ,  a d m i n i s t r a t i o n  o f
a s c o rb i c  a c i d  a l o n e  c a u s e d  no a p p r e c i a b l e  a l t e r a t i o n  i n  
p ro th rom bin  a c t i v i t y .  When v i t a m i n  £  was g i v e n  a l o n g  w i th
-  237 ~
v i t a m i n  C, h o w e v e r ,  a r i s e  i n  p r o t h r o m b i n  a c t i v i t y  a t  once  
b e g a n ,  and norm a l  v a l u e s  w ere  a t t a i n e d  i n  t h e  n e x t  4 o r  5 
d a y s  -  a p e r i o d  s i m i l a r  t o  t h a t  w h ic h  had been  a l r e a d y  
o b s e r v e d  i n  o t h e r  no rm a l  s u b j e c t s  when v i t a m i n  K had b e e n  
a d m i n i s t e r e d  a l o n e .
T h e se  r e s u l t s  s u g g e s t  t h a t  t h e  a d m i n i s t r a t i o n  o f  a s c o r b i c  
a c i d  had no e f f e c t  on  t h e  p r o th r o m b in o p a e m ic  a c t i o n  o f  
s a l i c y l a t e s  i n  normal  s u b j e c t s .
-  238 -
Group 2 .  The E f f e c t  o f  A s c o r b i c  A c id  t r e a t m e n t  on t h e  
l o w e r e d  p r o t h r o m b i n  a c t i v i t y  due t o  s a l i c y l a t e  a d m i n i s t r a t i o n  
i n  s u b j e c t s  s u f f e r i n g  f ro m  v a r i o u s  d i s e a s e s .
A s c o r b i c  a c i d  was g iv e n  d a i l y  i n  d o s e s  o f  4 5 0 -5 0 0  mg. 
t o  a l l  c a s e s  i n  t h i s  g r o u p ,  and v i t a m i n  K i n  d o s e s  o f  20 mg. 
d a i l y  u n l e s s  o t h e r w i s e  i n d i c a t e d .  Sodium s a l i c y l a t e  was 
g i v e n  u n i n t e r u p t e d l y  t h r o u g h o u t .
-  239
P e r n i c i o u s  a n a e m ia .
Case  2* ( p r e v i o u s l y  d e s c r i b e d  on page  149)*
p r o t h r o m b i n  a c t i v i t y  b e f o r e  b e g i n n i n g  s a l i c y l a t e  a d m i n i s t r a t i o n
53
P r o t h r o m b i n  a c t i v i t y  when a s c o r b i c  a c i d  t h e r a p y  b e g a n  on
7 t h  day :  2 o
TABLE CX.
Time ( d a y s ) .  Serum s a l i c y l a t e  ( /< g * / m l . ) .  P r o t h r o m b i n  a c t i v i t y  




xx 11 414 20
12 416 20
13 420  22
14 4 2 0  31
15 414 41
16 412 44
17 4 q6 41
18 416 41
x v i t a m i n  C b egun ,  
xx v i t a m i n  C and K b e g u n .
Comment: T h i s  s u b j e c t  r e c e i v e d  a s c o r b i c  a c i d  450 mg. o r a l l y
p er  day from t h e  s e v e n t h  day when th e  a c t i v i t y  was 2 o ,  b u t  no
-  240  -
ch a n g e  i n  t h i s  f i g u r e  was o b s e r v e d  a f t e r  f o u r  d a y s .
From t h e  e l e v e n t h  d a y ,  v i t a m i n  K was g i v e n  a l o n g  w i t h  
t h e  v i t a m i n  C i n  a dose  o f  2c mg. d a i l y ,  a n d  th e  p r o t h r o m b i n  
a c t i v i t y  was t h e n  o b s e r v e d  t o  r i s e  t o  44 i n  f i v e  d a y s  -  a 
f i g u r e  w h ic h  a p p r o a c h e d  t h e  i n i t i a l  v a l u e  o f  53*
These  o b s e r v a t i o n s  were s i m i l a r  t o  t h o s e  n o te d  p r e v i o u s l y  
i n  t h e  norm a l  c a s e s ,  and a g a i n  i t  a p p e a r e d  t h a t  a s c o r b i c  a c i d  
d i d  n o t  pay an e s s e n t i a l  p a r t  i n  c o u n t e r a c t i n g  t h e  d e p r e s s i n g  
e f f e c t  o f  s a l i c y l a t e  on p r o t h r o m b i n  a c t i v i t y .
-  241 -
H y p e r t h r y o i d i s m .
Case 1 ( p r e v i o u s l y  d e s c r i b e d  on p a g e s  152 and 215)*
2o mg* v i t a m i n  K had b ee n  g i v e n  d a i l y  f o r  s i x  d a y s  b e f o r e  
a s c o r b i c  a c i d  (500  mg. d a i  iy )  was g i v e n  a l o n g  w i t h  t h e  
v i t a m i n  £•
P r o t h r o m b i n  a c t i v i t y  b e f o r e  s a l i c y l a t e  t r e a t m e n t :  30
P r o th r o m b i n  a c t i v i t y  when a s c o r b i c  a c i d  was  s t a r t e d
on 15t h  d a y :  63
TABLn. CXI.







Gomment: The a c t i v i t y  was 63 when a s c o r b i c  a c i d  t r e a t m e n t
was commenced, and v i t a m i n  K had a l r e a d y  b e e n  g i v e n  f o r  s i x  
days .
No a p p r e c i a b l e  e l e v a t i o n  i n  t h e  p r o t h r o m b i n  a c t i v i t y  
took p l a c e  d u r i n g  t h e  p e r i o d  o f  combined v i t a m i n  C and v i t a m i n  
K t h e r a p y ,  f rom w h ich  i t  a p p e a r e d  t h a t  i n  h y p e r t h y r o i d i s m  a l s o ,  
Vitamin  C had  no a p p a r e n t  a c t i o n  i n  c o u n t e r a c t i n g  s a l i c y l a t e s  







x combined v i t a m i n  C and K t h e r a p y  begun.
-  242 -
H yperthryoid ism .
Case 2 ( p r e v i o u s l y  d e s c r i b e d  on page  153)*
A s c o r b i c  a c i d  was g i v e n  a l o n e  a t  f i r s t ,  i n  d a i l y  d o s e s  o f  
300 mg « ,  t h e n  l a t e r  i t  was  combined w i t h  a dose  o f  20  mg. 
v i t a m i n  K.
P r o t h r o m b i n  a c t i v i t y  b e f o r e  b e g i n n i n g  s a l i c y l a t e s  53
P r o th r o m b i n  a c t i v i t y  when a s c o r b i c  a c i d  t h e r a p y
b e g a n  on 7 t h  d a y :  19
TABLE CXI I .
Time ( d a y s ) .  Serum s a l i c y l a  t e  C ^ g . / m l . ) .  P r o t h r o m b i n  a c t i v i t y .




11 4 4 4 19
12 440 19








x v i t a m i n  c t h e r a p y commenced.
xx combined v i t a m i n  C and v i t a m i n  K b e g u n .
-  2 4 3  -
Comments: A f t e r  s i x  d a y s  t r e a t m e n t  w i t h  a s c o r b i c  a c i d  no
s i g n i f i c a n t  change  i n  p r o t h r o m b i n  a c t i v i t y  was o b s e r v e d ;  
when v i t a m i n  K was a d m i n i s t e r e d  a l o n g  w i t h  t h e  a s c o r b i c  a c i d  
from t h e  t h i r t e e n t h  d a y ,  t h e  a c t i v i t y  a t  once began  t o  r i s e ,  
a f i g u r e  of' ICO b e i n g  a t t a i n e d  o v e r  a f u r t h e r  p e r i o d  o f  s i x  
day s*
These  o b s e r v a t i o n s  f u r t h e r  s u b s t a n t i a t e  t h e  c o n c l u s i o n  
r e a c h e d  i n  c a s e  1 , namely ,  t h a t  a s c o r b i c  a c i d  had  no s i g n i f i c a n t  
e f f e c t  i n  c o u n t e r a c t i n g  t h e  h y p o p r o th r o m b in a e m ia  o f  s a l i c y l a t e  
t h e r a p y .
-  244 -
Chronic myeloid leu kaem ia .
Case !•  ( p r e v i o u s l y  d e sc r ib ed  on pages 155 and 2 1 7 ) .
V i t a m i n  K had a l r e a d y  b e e n  g i v e n  f o r  s e v e n  d a y s  b e f o r e  
combined v i t a m i n  C and v i t a m i n  K t r e a t m e n t  was s t a r t e d  on 
t h e  t w e n t y - f i r s t  d a y .  i t  w i l l  be r e c a l l e d  t h a t  t h i s  s u b j e c t  
d e v e l o p e d  h a e m o r r h a g i c  m a n i f e s t a t i o n s  f o l l o w i n g  s a l i c y l a t e  
a d m i n i s t r a t i o n ,  a n d  t h e  v i t a m i n  K was g i v e n  to c o u n t e r a c t  
t h e s e  e f f e c t s .
P r o t h r o m b i n  a c t i v i t y  b e f o r e  b e g i n n i n g  s a l i c y l a t e
a d m i n i s t r a t i o n :  24
P r o th r o m b i n  a c t i v i t y  when combined v i t a m i n  t h e r a p y  was
b e g u n  on t h e  2 1 s t  d a y :  53
TABLE C X II I .
Time ( d a y s ) .  Serum s a l i c y l a t e  ( / * g . / m l « ) .  P r o t h r o m b i n  a c t i v i t y .
/
x 21 -  53
2 2  -  53
23  -  53
2 4  -  53
25 -  47
x combined v i t a m i n  C and v i t a m i n  K t r e a t m e n t  beg u n
-  22,5 -
Chronic myeloid leu k a em ia .
Case 2 .  ( p r e v i o u s l y  d e s c r i b e d  on pages  157 an d  2 1 8 ) .
T h i s  s u b j e c t  r e c e i v e d  sodium s a l i c y l a t e  t h r o u g h o u t  t h e  
i n v e s t i g a t i o n .  V i t a m i n  K had a l r e a d y  b e e n  a d m i n i s t e r e d  
f o r  t e n  d a y s  b e f o r e  t h i s  i n v e s t i g a t i o n  w i t h  combined v i t a m i n  
C a nd v i t a m i n  K t r e a t m e n t  was begun .  ( s e e  page 2 1 8 ) .
P r o t h r o m b i n  a c t i v i t y  b e f o r e  s a l i c y l a t e  t r e a t m e n t  was b e g u n ;  29
P r o t h r o m b i n  a c t i v i t y  when combined  t h e r a p y  was b egun  on t h e
19t h  d a y ;  26
TABLE CXIV.
Time ( d a y s ) .  Serum s a l i c y l a t e  ^ / < g . / m l . ) .  P r o t h r o m b i n  a c t i v i t y .  
x  19 434  26
20 432 24
21 436  26
22 430  31
23 439 45
24 435  66
25 438 58
26 4 3 0  58
x com bined  v i t a m i n  C and  v i t a m i n  K t h e r a p y  b e g u n .
-  246 -  
C h r o n i c  m y e l o i d  l e u k a e m i a .
Case 3* ( p r e v i o u s l y  d e s c r i b e d  on page 1 5 8 ) .
T h i s  s u b j e c t  was g i v e n  a s c o r b i c  a c i d  d a i l y  (500  mg.) f o r  
s ev en  d a y s  b e f o r e  combined  v i t a m i n  t h e r a p y  was i n s t i t u t e d ,  t h e  
sodium s a l i c y l a t e  b e i n g  a d m i n i s t e r e d  u n i n t e r r u p t e d l y  t h r o u g h o u t .
p r o t h r o m b i n  a c t i v i t y  b e f o r e  b e g i n n i n g  s a l i c y l a t e
a d m i n i s t r a t i o n :  59
P r o t h r o m b i n  a c t i v i t y  when v i t a m i n  C t h e r a p y  was
begun on t h e  13t h  d a y :  18
TABLE CXV.
Time ( d a y s ) .  serum s a l i c y l a t e  y*g . / m l . ) .  P ro th rom b in  a c t i v i t y .
x 13 436 18
.14 436 18
15 4 4 0  18
16 435 18
17 432  18
18 434 19
19 • 430 19
xx 20 437 18
21 435 18
22 435 20
23 433  21+
24 439 28
25 441  31
26 4 4 0  38
27 433 ^3
28 438 41
* v i t a m i n  c  b e g u n .
combined v i t a m i n  t h e r a p y  b e g u n . ___________________________
-  24-7 -
Comment; when a s c o r b i c  a c id  t h e r a p y  was begun on t h e  tw e n ty -
f i r s t  day o f  t h e  i n v e s t i g a t i o n  on case  1 , t h e  p ro th ro m b in  
a c t i v i t y  had a l r e a d y  i n c r e a s e d  to  53 o ve r  t h e  s e v e n  day p e r i o d  
of v i t a m i n  K t r e a t m e n t .  No f u r t h e r  i n c r e a s e  i n  a c t i v i t y  was 
d e t e c t e d  d u r i n g  t h e  s u c c e e d in g  f o u r  days o f  combined t h e r a p y .
Case 2 ; T h i s  s u b j e c t  had a l r e a d y  been g iv en  v i t a m in  K f o r  
t e n  d3ys b e f o r e  th e  combined v i t a m in  t r e a tm e n t  was s t a r t e d ,  
and t h e  a c t i v i t y  had r i s e n  s lo w ly  from 15 t o  26 d u r i n g  t h i s  
p e r io d  ( s e e  page 2 1 8 ) .  On t h e  t w e n t y - f o u r t h  day,  f i v e  days 
a f t e r  a s c o r b i c  a c i d  t r e a t m e n t  had been  begun,  t h e  a c t i v i t y  was 
66.
Case 3 ; T h i s  c a se  began t r e a tm e n t  w i th  a s c o r b i c  a c id  a lo n e  
on th e  t h i r t e e n t h  d a y ,  seven d a y s  b e f o r e  v i t a m i n  K t r e a t m e n t  
began, and d u r i n g  t h e  p e r i o d  o f  v i t a m in  C a d m i n i s t r a t i o n  t h e  
p ro throm bin  a c t i v i t y  remained a t  18* When v i t a m in  K was g iven  
along w i t h  a s c o r b i c  a c i d ,  however , a r i s e  i n  p ro th ro m b in  
a c t i v i t y  im m e d ia te ly  s e t  i n ,  and a f t e r  a n o t h e r  seven d a y s  a 
value o f  43 was o b t a i n e d .
From t h e s e  r e s u l t s  i t  i s  seen t h a t  in  c a s e s  1 and 3 , 
a sco rb ic  a c i d  a lo n e  produced no a l t e r a t i o n  i n  p ro th ro m b in  
a c t i v i t y .  i n  case  2 , however,  th e  slow r i s e  i n  a c t i v i t y  
observed when v i t a m i n  K was g iv e n  a lo n e  appea red  t o  be 
ac c e l e r a t e d  when v i t a m i n  G was g iv en  a lo n g  w i th  t h e  v i t a m in  
K* T h is  seems t o  su g g e s t  t h a t  a s c o r b i c  ac id  p l a y s  a p a r t  i n
-  248
t h e  s y n t h e s i s  o f  p ro th ro m b in ,  and t h a t  i n  c a s e s  o f  
hypopro th rom binaem ia  w i th  asym ptom at ic  a s c o r b i c  a c i d  d e f i c i e n c y ,  
v i t a m in  K t h e r a p y  w i l l  not  by i t s e l f  be e f f e c t i v e  i n  r e s t o r i n g  
the  pro  th rom bin  a c t i v i t y  to normal.
The e f f e c t  of' a s c o r b i c  a c i d  on t h e  d e p re s s e d  p r o th r o m b in  
a c t i v i t y  o f  s u b j e c t s  w i th  d e f i n i t e  v i t a m in  0 d e f i c i e n c y  i s  
d e s c r i b e d  l a t e r .
-:,4-
-  249 -
C h r o n i c  R h e u m a t o i d  a r t h r i t i s .
Case 2. (a l r e a d y  d e sc r ib ed  on page 161) .
T h i s  c a s e  r e c e i v e d  a s c o r b i c  a c i d ,  50C mg. d a i l y ,  f o r  f i v e  
days  b e f o r e  combined t r e a t m e n t  vas  b egun ,  and sodium s a l i c y l a t e  
was g iv e n  th ro u g h o u t  t h e  i n v e s t i g a t i o n .
p ro th r o m b in  a c t i v i t y  b e f o r e  s a l i c y l a t e  was begun:  48 
p ro th ro m b in  a c t i v i t y  when a s c o r b i c  a c i d  was begun
on t h e  8 t h  d a y :  25
TABLE CXYI.
Time ( d a y s ) .  Serum s a l i c y l a  t e  P r o t h r o m b i n  a c t i v i t y .
x 8 342 7 25
9 340 27
10 344 27
11 344 • 27
12 338 ■ . 25










23 3 3 9  100
x a s c o r b i c  a c i d  b e g u n ,  
xx combined t r e a t m e n t  b e g u n .
-  250 -
C h r o n i c  R h e u m a t o i d  A r t h r i t i s .
C a s e  3- ( a l r e a d y  d e s c r i b e d  on p a g e s  162 and 2 2 1 ) .
T h i s  s u b j e c t  r e c e i v e d  sodium s a l i c y l a t e  t h r o u g h o u t .
V i t a m in  K (2c  mg* p e r  day) had a l r e a d y  been  g i v e n  from t h e  
n i n t h  day o f  th e  i n v e s t i g a t i o n  (page  2 2 1 ) and combined v i t a m i n  
C and K t h e r a p y  -was s t a r t e d  on the  e i g h t e e n t h  d ay.
P ro th ro m b in  a c t i v i t y  b e f o r e  b e g in n in g  s a l i c y l a t e s  1QC
P r o t h r o m b i n  a c t i v i t y  -when c o m b i n e d  t h e r a p y  w a s  b e g u n
on th e  18 th  day:  65
TABLE CXYII .
Time ( d a y s ) .  Serum s a l i c y l a t e  ( 4 g . / m l . ) .  P ro th ro m b in  a c t i v i t y
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x combined v i t a m i n  G and K t h e r a p y  begun.
Comment: When 500 mg. a s c o r b i c  a c id  was g iv e n  d a i l y  t o  c a s e  2.
from t h e  8 t h  to  th e  13t h  d a y ,  t h e  p ro th ro m b in  a c t i v i t y  remained 
u n a l t e r e d .  F o l lo w in g  th e  i n s t i t u t i o n  o f  v i t a m in  K th e r a p y  i n  
a d d i t i o n  to  a s c o r b i c  a c i d ,  the  a c t i v i t y  began to  r i s e  and a 
f i g u r e  of  1G0 was o b t a i n e d  a f t e r  t e n  d a y s  combined t h e r a p y .
In t h i s  case  i t  a p p ea re d  t h a t  a s c o r b i c  a c i d  by i t s e l f  l a c k ed
-  251 -
any e f f e c t  on t h e  h y p o p r o th r o m b i n a e m i a .
D a i l y  a d m i n i s t r a t i o n  o f  2-0 mg- o f  v i t a m i n  K t© c a s e  3 
f o r  n i n e  d a y s  had  r a i s e d  t h e  p r o t h r o m b i n  a c t i v i t y  f ro m  28 t o  
65. When a s c o r b i c  a c i d  was g i v e n ,  no f u r t h e r  i n c r e a s e  was 
o b s e r v e d .  A g a in  i t  was c o n c l u d e d  t h a t  t h e  v i t a m i n  C was 
w i t h o u t  e f f e c t  on h y p o p r o t h r c m b i n a e m i a .
-  2^2 -
C h r o n i c  U l c e r a t i v e  C o l i t i s .
Case 2 .  ( p r e v i o u s l y  d e s c r i b e d  on p a g e s  165 and  2 2 4 ) •
The serum s a l i c y l a t e  c o n c e n t r a t i o n  was m a i n t a i n e d  a t  a c o n s t a n t  
l e v e l  t h r o u g h o u t  t h e  i n v e s t i g a t i o n  i n  t h i s  s u b j e c t .  20  mg. 
v i t a m i n  K had b e e n  g i v e n  o r a l l y  f o r  e i g h t  days  b e f o r e  th e  
combined v i t a m i n  C and K t h e r a p y  was b egun  on t h e  e i g h t e e n t h  
day.
p r o t h r o m b i n  a c t i v i t y  b e f o r e  s a l i c y l a t e  t r e a t m e n t  w as  b e g u n :  3®
P r o th r o m b i n  a c t i v i t y  when combined v i t a m i n  t h e r a p y  was
b eg u n  on 1 8 t h  d a y :  29
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r  combined v i t a m i n  C and K t h e r a p y  beg u n .
Comment; 20  mg. v i t a m i n  K d a i l y  p ro d u ce d  a r i s e  i n  p r o t h r o m b i n  

















T h r e e  d a y s  a f t e r  com bined  t h e r a p y  w i t h  v i t a m i n s  C and £ ,  
t h e  p r o t h r o m b i n  a c t i v i t y  was 3 9 # and a f t e r  a f u r t h e r  tw o  d a y s  
t r e a t m e n t  t h i s  f i g u r e  had r i s e n  to 78*
I n  t h i s  p a t i e n t  s u f f e r i n g  f ro m  c h r o n i c  u l c e r a t i v e  c o l i t i s ,  
t h e  a d m i n i s t r a t i o n  o f  a s c o r b i c  a d d  a p p e a r e d  t o  p l a y  an i m p o r t a n t  
p a r t  i n  h a s t e n i n g  t h e  r e t u r n  t o  normal  of' t h e  p r o t h r o m b i n  
a c t i v i t y :  a r e t u r n  w hich  a p p a r e n t l y  t h e r a p y  w i t h  v i t a m i n  £
a l o n e  c o u l d  n o t  a c h i e v e *
-  254 -
A c u te  and S u b a c u t e  R h eu m at ism ,.
C ase  5 ( p r e v i o u s l y  d e s c r i b e d  on page  1 7 2 ) .
Sodium s a l i c y l a t e  was a d m i n i s t e r e d  t o  t h i s  s u b j e c t  t h r o u g h o u t  
t h e  i n v e s t i g a t i o n .
A s c o r b i c  a c i d  t h e r a p y  was begun  on t h e  e l e v e n t h  d a y ,  and  
combined v i t a m i n  C and li t r e a t m e n t  on t h e  f i f t e e n t h  d a y .
P r o t h r o m b i n  a c t i v i t y  b e f o r e  b e g i n n i n g  s a l i c y l a t e  a d m i n i s t r a t i o n s
100
p r o t h r o m b i n  a c t i v i t y  when a s c o r b i c  a c i d  was beg u n  on t h e  1 1 t h  day
20
TABLE CXIX.
Time ( d a y s ) .  Serum s a l i c y l a t e  ^ t f g . / m l . ) .  P r o t h r o m b i n  a c t i v i t y .  
x 11 344 20
12 348 21
13 342 19 I
14 338 20
xx 15 346 20








24 342 i n
25 345 100
x v i t a m i n  C t h e r a p y  b e g u n ,  
xx combined v i t a m i n  C and £  t h e r a p y  b e g u n .
Comment: This case  of acute rheumatism showed no a l t e r a t io n
i n  p r o t h r o m b i n  a c t i v i  ty  d u r i n g  t h e  f i v e  d ay s  she  r e c e i v e d  450 
mg* o f  a s c o r b i c  a c i d  d a i l y .  When, how ever ,  v i t a m i n  K was 
added (2 c  mg. p e r  d a y ) ,  t h e  p r o t h r o m b i n  a c t i v i t y  r o s e  t o  66 
i n  f i v e  d a y s  and a f t e r  a f u r t h e r  f o u r  d ay s  a v a l u e  o f  111 was 
o b t a i n e d .
Prom t h e s e  r e s u l t s  i t  was c o n c lu d e d  t h a t  t h i s  p a t i e n t *  s 
p r o th r o m b i n  s y n t h e s i s  was u n a f f e c t e d  b y  a s c o r b i c  a c i d  
a d m i n i s t r a t  ion*
-  256 -
The E f f e c t  o f  t r e a t m e n t  w i t h  A s c o r b i c  A c id  on t h e  lo w e re d  
p r o t h r o m b i n  a c t i v i t y  p ro d u c e d  i n  S c o r b u t i c  s u b j e c t s  by t h e  
a d m i n i s t r a t i o n  o f  Sodium S a l i c y l a t e .
Case  1. ( p r e v i o u s l y  d e s c r i b e d  on page  18o)*
The a d m i n i s t r a t i o n  o f  Sodium s a l i c y l a t e  was c o n t i n u e d  
t h r o u g h o u t  t h i s  i n v e s t i g a t i o n .
A s c o r b i c  a c i d  t r e a t m e n t  was b e g u n  on t h e  t w e l f t h  day 
(450 mg. p e r  d a y ) ,  and c o n t a i n e d  v i t a m i n  C and  K t h e r a p y  
on t h e  s i x t e e n t h .
P r o t h r o m b i n  a c t i v i t y  b e f o r e  b e g i n n i n g  s a l i c y l a t e
a d m i n i s t r a t i o n :  67
P r o t h r o m b i n  a c t i v i t y  when a s c o r b i c  a c i d  t r e a t m e n t
begun  on t h e  1 2 t h  day :  16
TABLE CXX-
Time ( d a y s ) .  Serum s a l i c y l a t e  y < g . / m l . ) .  P r o t h r o m b i n  a c t i v i t y ,  












24 4 2 0 ICO
a s c o r b i c a c i d  b e g u n .  xx combined v i t a m i n  C and K he gun-..
-  257  -
Comment; D u r i n g  t h e  f o u r  d a y s  o f  t r e a t m e n t  w i t h  a s c o r b i c  
a c i d  a l o n e ,  t h e  p r o t h r o m b i n  a c t i v i t y  r e m a in e d  s t a b l e  a t  a 
f i g u r e  a r o u n d  1 6 .  Seven  d a y s  a f t e r  combined t h e r a p y  was 
b e g u n ,  h o w e v e r ,  t h e  a c t i v i t y  had r i s e n  t o  ICO.
A g a i n  i t  was c o n c l u d e d  t h a t  a s c o r b i c  a c i d  a l o n e  was 
u n a b l e  i n  t h i s  c a s e  t o  i n f l u e n c e  t h e  p r o t h r o m b i n  a c t i v i t y .
-  258 -
Case 2 .  ( p r e v i o u s l y  d e s c r i b e d  on page  1 8 2 ) ,
T h i s  c a s e  a l s o  d e c e i v e d  sodium s a l i c y l a t e  w i t h o u t  
i n t e r r u p t i o n .
V i t a m i n  K had been  g i v e n  f o r  s ev en  d a y s  b e f o r e  combined 
v i t a m i n  C and K t h e r a p y  was beg u n .
P r o th r o m b i n  a c t i v i t y  b e f o r e  b e g i n n i n g  s a l i c y l a t e ;  ICO
P r o th r o m b i n  a c t i v i t y  when combined  v i t a m i n  C and K
t h e r a p y  b eg u n  on t h e  1 8 t h  d a y :  33
TABLE CXXI.
Time ( d a y s ) .  Serum s a l i c y l a t e  ( z ^ g * /m l . ) .  P r o t h r o m b i n  a c t i v i t y .





23 308 1 U
24 30c 100
x combined  v i t a m i n  0 and K t h e r a p y  b e g a n .
Comment: The p r o t h r o m b i n  a c t i v i t y  r o s e  from 17 t o  33 d u r i n g
the seven  d a y s  t r e a t m e n t  w i t h  v i t a m i n  K a l o n e .  The
a d m i n i s t r a t i o n  o f  a s c o r b i c  a c i d  t o g e t h e r  w i t h  v i t a m i n  K was 
fo llowed by a r i s e  i n  p r o t h r o m b i n  a c t i v i t y  from 33 "to 111 i n  
f ive  d a y s .
I t  was  c o n c l u d e d  t h a t  t h e  more r a p i d  r i s e  i n  a c t i v i t y
-  259 -
d u r i n g  t h e  l a t t e r  p a r t  o f  t h i s  i n v e s t i g a t i o n  m i g h t  he  
a t t r i b u t e d  t o  t h e  a s c o r b i c  a c i d  p o t e n t i a t i n g  th e  e f f e c t  o f  
t h e  V i t a m i n  K, s i n c e  v i t a m i n  K a l o n e  had f a i l e d  t o  p r o d u c e  
such  a marked  r i s e  i n  a c t i v i t y .
-  26c  -
C ase  3* ( a l r e a d y  d e s c r i b e d  on p a g e  I 8 3 ) .
S a l i c y l a t e  a d m i n i s t r a t i o n  had b e e n  s to p p e d  on t h e  
t h i r t e e n t h  d a y , when t h e  p r o t h r o m b i n  a c t i v i t y  was 18*
A s c o r b i c  a c i d  t h e r a p y  v a s  b e g a n  on t h e  t w e n t y - f i r s t ,  when 
t h e  p r o t h r o m b i n  a c t i v i t y  had r i s e n  t o  41* The f i g u r e  had  
been  c o n s t a n t  a t  t h i s  l e v e l  f o r  t h r e e  d a y s .  Combined v i t a m i n  
C and K t h e r a p y  was s t a r t e d  on t h e  t w e n t y f i f t h  d a y .
P r o th r o m b i n  0 c t i v i t y  b e f o r e  s a l i c y l a t e  a d m i n i s t r a t i o n :  68
P r o th r o m b i n  a c t i v i t y  when a s c o r b i c  a c i d  t h e r a p y  b e g an
on t h e  2 1 s t  d a y :  41
TABLE CXXII.
Time ( d a y s ) .  Serum s a l i c y l a t e  ( / i g . / m l . ) .  P r o t h r o m b i n  a c t i v i t y ,  
x 21 -  41
22 -  38
23 38
24 ~ 38
XX 25 -  44
26 -  41
27 -  41
28 -  4 4
29 -  4 4
30 -  4 4
X a s c o r b i c  a c i d  b e g u n .
xx combined v i t a m i n  t h e r a p y  begun .
-  261 -
Comment: D u r i n g  t h e  p e r i o d  o f  t r e a t m e n t  w i t h  a s c o r b i c  a c i d
a l o n e ,  t h e  p r o t h r o m b i n  a c t i v i t y  showed no t e n d e n c y  t o  r i s e .  
A f t e r  f i v e  d a y s  combined v i t a m i n  t r e a t m e n t ,  a s l i g h t  r i s e  t o  
44 * a e  o b s e r v e d :  t h e  o r i g i n a l  f i g u r e  a t  the  b e g i n n i n g  o f  t h e
i n v e s t i g a t i o n  was 68 .
Prom t h e s e  o b s e r v a t i o n s  i t  was c o n c lu d e d  t h a t  combined 
v i t a m i n  t h e r a p y  i n  d o s e s  s i m i l a r  to  t h a t  g i v e n  to  t h e  c a s e s  
a l r e a d y  d e s c r i b e d  f a i l e d  t o  p r o d u c e  a marked  i n c r e a s e  i n  
p r o t h r o m b i n  c o n c e n t r a t i o n  i n  t h e  p l a s m a :  t h i s  may hav e  b e e n
due t o  some i m p a i r m e n t  o f  a b s o r p t i o n  o r  t o  some o b s c u r e  
d i s t u r b a n c e  o f  s y n t h e s i s  o f  p r o th r o m b i n  i n  t h i s  p a r t i c u l a r  
p a t i e n t .
-  262 -
Case 4* ( p r e v i o u s l y  d e s c r i b e d  on page  1 8 5 ) •
The c o n c e n t r a t i o n  o f  serum s a l i c y l a t e  was k e p t  a t  a b o u t  
3 7 0 -3 8 0  m i c r o g r a m s  p e r  m l .  t h r o u g h o u t  t h i s  i n v e s t i g a t i o n .
Combined v i t a m i n  C and k t r e a t m e n t  b e g a n  on th e  e l e v e n t h  
d a y .  Seven  d a y s  l a t e r  t h e  a s c o r b i c  a c i d  was d i s c o n t i n u e d ,  
b u t  v i t a m i n  K was g i v e n  t h r o u g h o u t .  On t h e  t w e n t y - f o u r t h  
day ,  combined  t h e r a p y  was re su m ed .
P r o th r o m b i n  a c t i v i t y  b e f o r e  b e g i n n i n g  s a l i c y l a t e  t r e a t m e n t : 1 0 0
p r o t h r o m b i n  a c t i v i t y  when combined v i t a m i n  t h e r a p y  was
f i r s t  s t a r t e d  on th e  1 1 th  days  17
TABLE CXXIII.
o v e r l e a f
-  263  -
TABLE CXXIII.
Time ( d a y s ) .  Serum s a l i c y l a t e  ( z g . / m l . ) .  P r o t h r o m b i n  a c t i v i t y ,  
x 11 376 17
12 370 22
13 378 3 4
14 372 50
15 3 8 0  7 6
1 6  374 100
xx 17 374 100
18 379 1 0 0
19 3 8 1  6 6
20 372 76
21 376 6 6
22  375 5 6
2 3  3 8 3  50
xxx?4 371 44
25 374 43
26  370 44
27 378 6 4
28 3 8 2  1 0 0
29  3 7 4  1 0 0
x combined  v i t a m i n  t h e r a p y  begun ,
xx a s c o r b i c  a c i d  d i s c o n t i n u e d ,
xxx combined  t h e r a p y  r e su m ed .
Comment: Combined v i t a m i n  C and K t h e r a p y  p ro d u ce d  a r i s e
In p r o th r o m b i n  a c t i v i t y  from 17 on t h e  e l e v e n t h  day  t o  100
-  264 -
on t h e  s i x t e e n t h .  Two d a y s  l a t e r  t h e  b l e e d i n g  from t h e  
gams was c o n s i d e r a b l y  r e d u c e d  and a f t e r  a n o t h e r  s e v e n  d a y s  
t h e r e  was no e v i d e n c e  o f  h a e m o r rh a g e  anyw here  i n  t h e  bo d y .
From t h e  e i g h t e e n t h  t o  t h e  t w e n t y - f o u r t h  day  no a s c o r b i c  
a c i d  was g i v e n ,  and t h e  p r o t h r o m b i n  a c t i v i t y  f e l l  t o  4 4  o v e r  
t h i s  p e r i o d .
T r e a t m e n t  w i t h  a s c o r b i c  a c i d  a s  w e l l  a s  v i t a m i n  K was 
resumed on t h e  t w e n t y - f o u r t h  day ,  and i n  f o u r  days  a r i s e  i n  
p r o th r o m b i n  a c t i v i t y  t o  lOC had  t a k e n  p l a c e .
From t h e s e  o b s e r v a t i o n s  i t  a p p e a r e d  t h a t  a s c o r b i c  a c i d  
p l a y e d  an i m p o r t a n t  p a r t  i n  t h e  mechanism a s s o c i a t e d  w i t h  t h e  
r e t u r n  t o  no rm a l  o f  t h e  plasma p r o t h r o m b i n  c o n c e n t r a t i o n  i n  
t h i s  p a t i e n t ,  s i n c e  c e s s a t i o n  o f  v i t a m i n  C a d m i n i s t r a t i o n  
r e s u l t e d  i n  a d r o p  i n  p r o t h r o m b i n  a c t i v i t y  to  s u b n o rm a l  v a l u e s ,  
d e s p i t e  t h e  m a i n t e n a n c e  o f  v i t a m i n  K t h e r a p y .
-  265 -
Case 5« ( p r e v i o u s l y  d e s c r i b e d  on page 1 8 7 ) .
The c o n c e n t r a t i o n  of  serum s a l i c y l a t e  was m a in t a in e d  
t h r o u g h o u t  a t  a l e v e l  of' 430-450 m icrogram s p e r  m l .  V i ta m in  
K (2o  mg. d a i l y )  was g iv e n  from th e  t w e l f t h  t o  th e  tw e n ty -  
f i r s t  day .  On t h e  t w e n t y - f i r s t  day, v i t a m i n  C (500 mg. d a i l y )  
was begun and t h e  v i t a m in  K s to p p e d .  on the  t w e n t y - s i x t h  day ,  
combined t h e r a p y  w i t h  b o t h  v i t a m i n s  was resumed.
P ro th ro m b in  a c t i v i t y  b e f o r e  s a l i c y l a t e  a d m i n i s t r a t i o n :  74
P ro th ro m b in  a c t i v i t y  when v i t a m in  K t r e a t m e n t  began on
12 t h  day: . 12
TABLE CXXIV. 
o v e r l e a f
-  266 -
TABLE CXXIV.
Time ( d a y s ) .  Serum s a l i c y l a t e  ( / ^ g * / m l . ) .  P r o t h r o m b i n  a c t i v i t y ,  
x  12 452  ' 12
13 448 12
14 4 5 0  13
15 446  15
16 4 4 0  21
17 442 26
18 449 38
19 4 4 0  48
20  447  4 3
xx 21  441  43
22 444  39
23  4 4 4  31
24 448 23
25 452 17
XXX 26 4 4 3  15
27 447 15
28 448  22
29 440 28
30 441  33
31 440  48
32 446  100
33 4-49 100
x V itam in  K t h e r a p y  begun ,
xx V itam in  K s to p p e d ,  v i t a m i n  C begun, 
xxx Combined v i t a m i n  C and K t h e r a p y  begun.
-  267  ~
Comment: When v i t a m i n  K was g i v e n  t o  t h i s  s u b j e c t ,  t h e r e
was an i n c r e a s e  i n  p r o t h r o m b i n  a c t i v i t y  f rom 12 t o  48 i n  
.seven d a y s .
Rep lacem en t  of' v i t a m i n  K th e r a p y  by a s c o r b i c  a c i d  (500 
mg. d a i l y )  on th e  t w e n t y - f i r s t  day r e s a l t e d  i n  a d ro p  i n  
a c t i v i t y  to  15 i n  f i v e  d a y s .  The r e s u m p t io n  o f . a s c o r b i c  
ac id  and  c o n t i n u a t i o n  o f  v i t a m i n  K a d m i n i s t r a t i o n  b ro u g h t  
the  a c t i v i t y  b a c k  t o  ICO a f t e r  s i x  d a y s .
These r e s u l t s  s u g g e s te d  t h a t  a l t h o u g h  a s c o r b i c  a c i d  by 
i t s e l f  d id  n o t  have any a p p a r e n t  b e n e f i c i a l  e f f e c t  on t h e  
d ep re ssed  p r o th r o m b in  a c t i v i t y ,  i t  i n c r e a s e d  th e  e f f e c t  o f  
v i ta m in  K i n  r e s t o r i n g  th e  plasma p ro th ro m b in  c o n c e n t r a t i o n  
to normal .
-  268 -
Case 6 .  ( p r e v i o u s l y  d e s c r i b e d  on pag e  1 8 9 ) .
Sodium s a l i c y l a t e  was a d m i n i s t e r e d  to  t h i s  p a t i e n t  
th r o u g h o u t  t h e  i n v e s t i g a t i o n .
A s c o r b i c  a c i d  (50C mg. d a i l y )  was g iv en  from the  e l e v e n t h  
to th e  s e v e n t e e n t h  d a y ,  and v i t a m i n  K a l o n e  (2 0  mg. d a i l y )  
from t h e  s e v e n t e e n t h  to  the  t w e n t y - f o u r t h  day .  From t h i s  
time t o  t h e  end of' the  i n v e s t i g a t i o n  on the  t w e n t y - e i g h t h  day, 
both  v i t a m i n s  were g iv e n .
pro th rom bin  a c t i v i t y  b e f o r e  b e g in n i n g  s a l i c y l a t e  a d m i n i s t r a t i o n s
100
P ro th ro m b in  a c i t i v i t y  when a s c o r b i c  a c i d  t h e r a p y  b e g a n  on t h e




b/ o v e r l e a f
-  269 -
table cxxv.
Time ( d a y s ) .  Serum sa  l i c y l a t e  ^ A g . / m l  • ) .  P r o t h r o m b i n  a c t i v i t y  
x 11 266 16
12 264 17
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x a s c o r b i c  a c i d  b e g u n .
xx a s c o r b i c  a c i d  s t o p p e d ,  v i t a m i n  K b eg u n ,
xxx combined  v i t a m i n  t h e r a p y  b e g u n .
Comment; D ur in g  t h e  p e r i o d  ( 1 1 t h  t o  1 7 t h  day) t h a t  t h i s  
p a t i e n t  r e c e i v e d  on ly  th e  v i t a m i n  0 , the  prot hrombin a c t i v i t y  
did not a l t e r  a p p r e c i a b l y ,  b u t  when a s c o r b i c  a c i d  t h e r a p y
-  2 70 -
was r e p l a c e d  by v i t a m in  K t r e a t m e n t ,  the  a c t i v i t y  r o s e  from 
16 t o  49 i n  s i x  day s .  Combined v i t a m i n  C and K t h e r a p y  
r e s t o r e d  th e  a c t i v i t y  to the  o r i g i n a l  f i g u r e  of  IOC i n  t h r e e  
days*
These  r e s u l t s  seemed f u r t h e r  to  s u p p o r t  the  c o n c l u s i o n  
t h a t  a d e f i c i e n c y  o f  a s c o r b i c  a c i d  t ended  t o  r e d u c e  t h e  
b e n e f i c i a l  e f f e c t  of  v i t a m i n  K. t r e a t m e n t  on t h e  h y p o p ro th ro m b in -  
aemia o f  s a l i c y l a t e  t h e r a p y .
-  2 7 1  -
Gsse 7* ( p r e v i o u s l y  d e s c r i b e d  on page 191)-
The a d m i n i s t r a t i o n  o f  sodium s a l i c y l a t e  t o  t h i s  s u b j e c t  
had been  s to p p e d  on th e  t e n t h  d a y .  On th e  s e v e n t e e n t h  d a y ,  
a s c o r b i c  a c i d  (500 mg. p e r  day) a d m i n i s t r a t i o n  was s t a r t e d ,  
and c o n t i n u e d  t o  the  end o f  t h e  i n v e s t i g a t i o n ,  s u p p le m e n te d  
by v i t a m i n  K i n  a dose of  2o mg. p e r  day from th e  tw e n ty -  
second day.
P ro th ro m b in  a c t i v i t y  b e f o r e  b e g in n i n g  s a l i c y l a t e
a d m i n i s t r a t i o n :  65
P ro th ro m b in  a c t i v i t y  when a s c o r b i c  a c i d  t h e r a p y  was
s t a r t e d  on th e  1 7 t h  day :  51
r
t a b l e  g x x v t .























x a s c o r b i c  a c id  begun ,  
xx combined t h e r a p y  begun.
-  ? 7 2 -
Comment: T h i s  s u b j e c t  shewed no a p p r e c i a b l e  change  i n
p r o t h r o m b i n  a c t i v i t y  d u r i n g  t h e  whole p e r i o d  from t h e  
s e v e n t e e n t h  t o  t h e  t w e n t y - s e v e n t h  day ,  i r r e s p e c t i v e  o f  w h e t h e r  
a s c o r b i c  a c i d  was g i v e n  a l o n e  o r  i n  c o n j u n c t i o n  w i t h  v i t a m i n  
K*
As t h e  p r o t h r o m b i n  a c t i v i t y  had  r i s e n  from 18 t o  51 
d u r i n g  th e  p e r i o d  b e tw e e n  t h e  c e s s a t i o n  of s a l i c y l a t e  
a d m i n i s t r a t i o n  and t h e  b e g i n n i n g  o f  a s c o r b i c  a c i d  t r e a t m e n t ,  
i t  a p p e a r e d  t h a t  t h e r e  was no g r o s s  d e f e c t  i n  a b s o r p t i o n  o f  
v i t a m i n  o r  s y n t h e s i s  o f  p r o th r o m b i n  i n  t h i s  c a s e  t o  e x p l a i n  
t h e  f a i l u r e ^ l a t e r  i n  t h e  i n v e s t i g a t i o n  o f  v i t a m i n  C and K 
t h e r a p y  to r e s t o r e  th e  p r o t h r o m b i n  a c t i v i t y  t o  i t s  o r i g i n a l  
va lu e*
-  273  -
CONCLUSIONS.
-  274 -
C o n c l u s i o n s *
The p r e s e n t  s tu d y  h a s  embraced a c o n s i d e r a t i o n  o f  
s e v e r a l  f a c t o r s  which  i t  was t h o u g h t  might  be r e l a t e d  t o  
t h e  c o n c e n t r a t i o n  o f  s a l i c y l a t e  i n  th e  serum o f  i n d i v i d u a l s  
r e c e i v i n g  t h e  d r u g ,  and t h e  i n v e s t i g a t i o n s  o f  t h e  a u t h o r  a r e  
r e p o r t e d .  As a f i r s t  s t e p ,  t h e  r e l i a b i l i t y  o f  an  a c c e p t e d  
method o f  m e a s u r i n g  serum s a l i c y l a t e  was c r i t i c a l l y  
i n v e s t i g a t e d ,  a s  a p p r e c i a b l e  i n a c c u r a c i e s  would l e a d  t o  f a l s e  
i n t e r p r e t a t i o n s  o f  the  r e s u l t s  o f  c h e m ic a l  a n a l y s e s .
I t  a p p e a r s  from t h e  f i n d i n g s  o f  th e  e x p e r im e n t s  d e s c r i b e d  
i n  C h a p t e r  IV t h a t  a number o f  f a c t o r s  t o  which B r o d ie  makes 
no r e f e r e n c e  i n  h i s  o r i g i n a l  a cc o u n t  have a marked e f f e c t  on 
t h e  a c c u r a c y  o f  t h e  a n a l y t i c a l  r e s u l t s .  I f  t h e  volume o f  
serum t a k e n  f o r  a n a l y s i s  i s  t h a t  s u g g e s t e d  by B ro d ie  and 
a d o p te d  by Coburn,  and t h e  c o n c e n t r a t i o n  o f  s a l i c y l a t e  i s  low * 
a s  may be t h e  ca se  when d o sag e  i s  i n a d e q u a t e  — t h e  method i s  
no t  p r e c i s e  enough to  g i v e  a c c u r a t e  r e s u l t s .  W i th  serum 
l e v e l s  above I b O ^ g / m l * ,  however ,  t h e  method i s  s a t i s f a c t o r y ,  
p r o v i d e d  t h a t  s t r i c t  a t t e n t i o n  i s  p a i d  t o  a number o f  d e t a i l s .
The o p t i c a l  d e n s i t y  of  the  c o lo u red  i r o n - s a l i c y l a t e  
complex  was found t o  be m arked ly  a f f e c t e d  by t h e  pH o f  t h e  
f i n a l  s o l u t i o n *  The a p p a r e n t  low er  p e r c e n t a g e  o f  s a l i c y l a t e  
fo und  -  p a r t i c u l a r l y  when th e  a c t u a l  c o n c e n t r a t i o n  i s  low -  
when c i t r a t e  o r  o x a l a t e  was used a s  an a n t i c o a g u l a n t  compared 
w i t h  t h e  r e s u l t s  found when serum was a n a l y s e d  may be caused
-  275
by t h e  a n t i c o a g u l a n t s  a l t e r i n g  t h e  pH o f  th e  s o l u t i o n .
B r o d i e  d o es  not  r e f e r  t o  th e  e f f e c t  on t h e  r e s u l t  cf 
d e l a y  b e tw e en  c o l l e c t i o n  o f  t h e  serum and i t s  a n a l y s i s ,  o r  
t o  t h e  s t a b i l i t y  o f  t h e  c o l o u r  o f  t h e  f i n a l  s o l u t i o n .
T h e se  two f a c t o r s  have been  i n v e s t i g a t e d ,  and t h e  r e s u l t s  
i n d i c a t e  t h a t  r e f r i g e r a t i o n  a t  4°C p e r m i t s  a d e l a y  o f  t h i r t y -  
s i x  h o u r s  t o  e l a p s e  w i th o u t  marked e r r o r  a r i s i n g ;  when th e  
b l o o d  c a n n o t  be s t o r e d  u n d e r  t h e s e  c o n d i t i o n s ,  th e  a b s o l u t e  
maximum p e r i o d  which  s h o u ld  e l a p s e  b e tw een  c o l l e c t i o n  and 
a n a l y s i s  i s  t^w en ty - four  h o u r s .  T h i s  l a s t  p o i n t  i s  o f  some 
i m p o r t a n c e  i n  d i s t r i c t s  where th e  l a b o r a t o r y  i s  some d i s t a n c e  
from t h e  h o s p i t a l .  The o p t i c a l  d e n s i t y  o f  t h e  f i n a l  c o l o u r e d  
s o l u t i o n  s h o u ld  be measured  w i th  t h e  minimum d e l a y ,  i f  
p o s s i b l e  w i t h i n  t h i r t y  m in u te s  o f  p r e p a r a t i o n  o f  t h e  complex.
In  s t u d y i n g  some o f  t h e  g e n e r a l  f a c t o r s  which  m igh t  
i n f l u e n c e  serum c o n c e n t r a t i o n s ,  i t  was c o n s i d e r e d  o f  v a l u e  
t o  i n v e s t i g a t e  .the e f f e c t  o f  a d m i n i s t e r i n g  d i f f e r e n t  d o ses  
a t  d i f f e r e n t  t ime i n t e r v a l s .  To o b t a i n  serum l e v e l s  o f  350 
m ic rog ram s  p e r  m i l l i l i t r e  -  t h e  optimum f i g u r e  g i v e n  by 
Coburn ( I 943) -  a dose o f  0 .6 6  grams e v e r y  two h o u r s ,  o r  I .3 3  
grams e v e ry  f o u r  h o u r s ,  was found n e c e s s a r y ;  and w i t h  t h i s  
d o s a g e ,  s a t i s f a c t o r y  l e v e l s  were not  o b t a i n e d  u n t i l  t h e  second 
day o f  t h e r a p y .  To o b t a i n  s i m i l a r  l e v e l s  w i t h i n  ^4 h o u r s  
of b e g i n n i n g  t r e a t m e n t ,  h i g h e r  dosage  was r e q u i r e d .  T hese  
f i n d i n g s  a r e  s i m i l a r  t o  t h o s e  r e p o r t e d  by Coburn ,  a n d  l e a d  
t o  t h e  c o n c l u s i o n  t h a t  t o  o b t a i n  optimum serum c o n c e n t r a t i o n s
-  276  -
i n  t h e  s h o r t e s t  t i m e ,  h i g h  d o s a g e  must h e  g i v e n  i n i t i a l l y  
and c o n t i n u e d  a t  f r e q u e n t  i n t e r v a l s .
The r e s u l t s  o f  t h e  i n v e s t i g a t i o n s  o f  t h e  r e l a t i v e  r a t e s  
o f  a b s o r p t i o n  and e x c r e t i o n  o f  sodium s a l i c y l a t e  when 
a d m i n i s t e r e d  by v a r i o u s  r o u t e s  show t h a t  when t h e  d r u g  i s  
g iv e n  p e r ' r e c t u m ,  a b s o r p t i o n  i s  more r a p i d  t h a n  when t h e  o r a l  
r o u t e  i s  u s e d ;  t h e  r a t e  o f  e x c r e t i o n ,  how ever ,  i s  a l s o  more 
r a p i d ,  so t h a t  o f  t h e  two m ethods  o f  a d m i n i s t r a t i o n ,  t h e  
c o n v e n t i o n a l  o r a l  r o u t e  i s  to  be p r e f e r r e d .  Coburn (1943)  
a d v i s e d  t h a t  i n  a c u t e  rh e u m a t i s m ,  s a l i c y l a t e  s h o u ld  be g i v e n  
i n t r a v e n o u s l y :  t h e  r e s u l t s  r e p o r t e d  i n  C h a p t e r  V show t h a t
when t h i s  r o u t e  i s  a d o p te d  e x c r e t i o n  i s  r a p i d  and t h e  h i g h  
c o n c e n t r a t i o n s  o b t a i n e d  w i t h i n  a s h o r t  t im e  o f  i n j e c t i o n  
c a n n o t  e a s i l y  be m a i n t a i n e d  by  t h i s  method a l o n e .  E x c e p t  
i n  s p e c i a l  c i r c u m s t a n c e s ,  t h e r e f o r e ,  a d m i n i s t r a t i o n  by m outh  
i s  t h e  method o f  c h o i c e ,  p a r t i c u l a r l y  v.hen i t  i s  b o r n e  i n  mind 
t h a t  mahy c a s e s  r e q u i r i n g  s a l i c y l a t e  t h e r a p y  a r e  t r e a t e d  a t  
home w i t h o u t  s p e c i a l  n u r s i n g  f a c i l i t i e s ,  and  u n d e r  c o n d i t i o n s  
where  r e p e a t e d  i n t r a v e n o u s  m e d i c a t i o n  i s  n o t  w i t h o u t  i t s  
h a z a r d s .
The i m p o r t a n c e  cf t h e  r e l a t i o n s h i p  b e tw e e n  th e  volume o f  
f l u i d  i n t a k e  and o u t p u t  and t h e  m a i n t e n a n c e  o f  o p t i m a l  serum 
c o n c e n t r a t i o n s  o f  t h e  d r u g  h a s  been  i n v e s t i g a t e d .  The 
r e s u l t s  l e a d  t o  th e  c o n c l u s i o n  t h a t ,  i n  t h e  a b s e n c e  o f  
c o n t r a i n d i c a t i o n s  s u c h  a s  h y p e r p y r e x i a ,  e x c e s s i v e  s w e a t i n g ,  
o r  im p a i rm e n t  o f  r e n a l  f u n c t i o n ,  t h e  r e s t r i c t i o n  o f  f l u i d
-  277 ~
i n t a k e  t o  a b o u t  3 p i n t s  i n  2 4  h o u r s  m ig h t  w i t h  a d v a n t a g e  
be a d o p t e d .
When sodium b i c a r b o n a t e  was a d m i n i s t e r e d  c o n c u r r e n t l y  
w i t h  sodium s a l i c y l a t e ,  i t  was o b s e r v e d  t h a t  t h e  u r i n e  
vo lume i n c r e a s e d  and a t  th e  same t im e  serum s a l i c y l a t e  v a l u e s  
f e l l .  When, how ever ,  f l u i d  i n t a k e  was r e s t r i c t e d ,  sodium 
b i c a r b o n a t e  a d m i n i s t r a t i o n  d id  n o t  p r o d u c e  a s i g n i f i c a n t  
d r o p  i n  serum s a l i c y l a t e  l e v e l s .  Sm ul l  ( 1 944) had o b s e r v e d  
a d e p r e s s i o n  of serum s a l i c y l a t e  f o l l o w i n g  sodium b i c a r b o n a t e  
a d m i n i s t r a t i o n ,  b u t  s h e  does  no t  a p p e a r  t o  have  p u r s u e d  t h e  
s u b j e c t  f u r t h e r .  The p r e s e n t  w r i t e r  s u b s c r i b e s  t o  t h e  v iew  
t h a t  t h e  f a l l  i n  serum s a l i c y l a t e  f o l l o w i n g  a d m i n i s t r a t i o n  
o f  a l k a l i  may be due to  the  d i u r e t i c  a c t i o n  o f  t h e  l a t t e r  
c a u s i n g  an  i n c r e a s e d  r a t e  cf e x c r e t i o n  o f  t h e  s a l i c y l a t e .
The c o n c e n t r a t i o n  o f  s a l i c y l a t e  o b t a i n a b l e  i n  t h e  b l o o d  
i n  no rm a l  s u b j e c t s  h a s  b ee n  compared w i t h t h e  l e v e l s  i n  
p a t i e n t s  s u f f e r i n g  from a v a r i e t y  o f  d i s e a s e s  w*ho were  g iv e n  
s i m i l a r  d o s e s  o f  t h e  d ru g .  I n  c a s e s  o f  a c u t e  rh eu m a t ism  
t h e  serum c o n c e n t r a t i o n  was found t o  be l o w e r  th a n  i n  normal  
s u b j e c t s ,  s u g g e s t i n g  e i t h e r  an im p a i rm e n t  i n  t h e  r a t e  o f  
a b s o r p t i o n  from t h e  a l i m e n t a r y  t r a c t  o f  an i n c r e a s e d  r a t e  o f  
d e s t r u c t i o n s  o r  p e r h a p s  i n c r e a s e d  r e t e n t i o n  i n  t h e  t i s s u e s .
I n  a d d i s o n i a n  o r  p e r n i c i o u s  anaem ia  t h e  b l o o d  l e v e l s  
were s i m i l a r  t o  t h o s e  found  i n  t h e  normal  c o n t r o l s .
C h r o n ic  m y e lo id  l eu k a e m ia  w as  a s s o c i a t e d  w i t h  r e l a t i v e l y  
h i g h e r  l e v e l s ,  and i t  i s  s u g g e s t e d  t h a t  i n  t h i s  c o n d i t i o n  t h e
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r e a s o n  may be e i t h e r  t h a t  k i d n e y  f u n c t i o n  i s  i m p a i r e d  and 
e x c r e t i o n  t h e r e f o r e  d i m i n i s h e d ,  o r  l e u k a e m i c  i n f i l t r a t i o n  
o f  t h e  l i v e r  i n t e r f e r e s  w i t h  t h e  r a t e  o f  d e s t r u c t i o n  o f  t h e  
s a l i c y l a t e .
C h r o n i c  u l c e r a t i v e  c o l i t i s  was a s s o c i a t e d  w i t h  b lo o d  
c o n c e n t r a t i o n s  l o w e r  t h a n  n o r m a l .  The e x p l a n a t i o n  ad v an ce d  
i s  t h a t  i n  t h i s  c o n d i t i o n  a b s o r p t i o n  i s  i m p a i r e d  an d  a b n o rm a l  
am ounts  a r e  l o s t  i n  t h e  f r e q u e n t  f l u i d  s t o o l s .
I n  t h e  c a s e s  s t u d i e d  i n  t h i s  work,  t h e  common s i g n s  
n o t e d  were  s i m i l a r  t o  t h o s e  which  Q uincke  (1882)  d e s c r i b e d  -  
n a m e ly ,  e p i g a s t r i c  d i s c o m f o r t ,  n a u s e a ,  v o m i t i n g ,  t i n n i t u s ,  
d e a f n e s s ,  v e r t i g o ,  and h e a d a c h e .  These  w e r e  s t u d i e d  i n  
,r e l a t i o n  to  t h e i r  i n c i d e n c e  and d u r a t i o n  when v a r i o u s  
c o n c e n t r a t i o n s  o f  s a l i c y l a t e  were m a i n t a i n e d  i n  t h e  b l o o d .
I t  was  n o t i c e d  t h a t ,  c o n t r a r y  to  what i s  u s u a l l y  o b s e rv e d  i n  
any i n t o x i c a t i o n  as  d i s t i n c t  from i d i o s y n c r a s y ,  t h e  t o x i c  
e f f e c t s  were  most  i n  e v i d e n c e  d u r i n g  t h e  e a r l y  s t a g e s  o f  
t h e r a p y ,  t e n d i n g  to  l e s s e n  i n  s e v e r i t y  as  t r e a t m e n t  was  
c o n t i n u e d .  The c l i n i c i a n ,  t h e r e f o r e ,  sh o u ld  n o t  r e g a r d  
t h e s e  s i g n s ,  when p r e s e n t  t o  a m o d e ra te  d e g r e e ,  a s  i n d i c a t i o n s  
f o r  m o d i f y i n g  t r e a t m e n t ,  b u t  s h o u ld  r a t h e r  a c c e p t  them a s  
e v i d e n c e  o f  s a t i s f a c t o r y  a b s o r p t i o n .
E p i g a s t r i c  d i s c o m f o r t  was a common c o m p l a i n t ,  and was 
p r e s e n t  even  when the  serum s a l i c y l a t e  was low. N a u s e a ,
-  2 7 9  -
on t h e  o t h e r  h an d ,  was most i n  e v i d e n c e  when h i g h e r  
c o n c e n t r a t i o n s  were b e i n g  m a i n t a i n e d .  w i t h  l e v e l s  b e low  
100 m ic ro g ra m s  p e r  m i l l i l i t r e  v o m i t i n g  was a b s e n t .
C oburn*s  (1 9 4 3 )  a s s e r t i o n  t h a t  s a l i c y l a t e  m e d i c a t i o n  s h o u ld  
n e v e r  be s to p p e d  u n l e s s  m a n i f e s t a t i o n s  o f  i n t o x i c a t i o n  were 
s e v e r e  a p p e a r s  t o  have been  v e r i f i e d  by t h e  r e s u l t s  r e p o r t e d  
h e r e ,  f o r  o n ly  i n  t h r e e  c a s e s  was i t  deemed a d v i s a b l e  t o  
d i s c o n t i n u e  i t s  a d m i n i s t r a t i o n .  T i n n i t u s , - l i k e  n a u s e a ,  was 
uncommon when b lo o d  s a l i c y l a t e  was low. The i n c i d e n c e  and 
d u r a t i o n  o f  t h i s  symptom was s i m i l a r  to  t h a t  o f  nausea  and  
v e r t i g o ,  a l t h o u g h  t h e s e  m a n i f e s t a t i o n s  were n o t  a lw ays  p r e s e n t  
a t  t h e  same t im e  i n  t h e  same c a s e .  D e a f n e s s  was commoner 
t h a n  t i n n i t u s  a t  a l l  serum c o n c e n t r a t i o n s ,  an d  was o f t e n  
p e r s i s t e n t  a f t e r  t i n n i t u s  had p a s s e d  o f f .
The i n c i d e n c e  o f  h e a d a c h e  was v e r y  v a r i a b l e ,  and  seemed 
t o  be q u i t e  u n r e l a t e d  i n  i t s  o c c u r r e n c e  t o  t h e  o t h e r  t o x i c  
e f f e c t s ,  an d  was a l m o s t  a s  common a t  low serum l e v e l s  a s  when 
t h e  c o n c e n t r a t i o n  o f  t h e  d r u g  i n  t h e  b l o o d  was h i g h .
The p r o t h r o m b i n  a c t i v i t y  o f  t h e  p lasma was s t u d i e d  i n  
s u b j e c t s  r e c e i v i n g  sodium s a l i c y l a t e ,  and t h e  r e s u l t s  
r e p o r t e d  i n  d e t a i l  c o n f i rm  t h e  o b s e r v a t i o n s  o f  S h a p i r o  (1 9 4 3 )  
and L in k  (1943)  t h a t  s a l i c y l a t e  m e d i c a t i o n  i s  f r e q u e n t l y  
accom pan ied  b y  a d rop  i n  b lo o d  p r o th r o m b i n .  The e f f e c t  o f
t h e  s a l i c y l a t e  v a r i e s  i n  d i f f e r e n t  i n d i v i d u a l s ,  and t h a t  t h e
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p r o c e s s  i s  r e v e r s i b l e  i s  c l e a r  f rom t h e  t a b u l a t e d  r e s u l t s .  
G e n e r a l l y ,  when t r e a t m e n t  was s t o p p e d  t h e  p r o t h r o m b i n  
a c t i v i t y  r e t u r n e d  t o  n o rm a l ;  b u t  o c c a s i o n a l l y  some d e g r e e  
o f  h y p o p r o th r o m b in a e m ia  p e r s i s t e d .  Low a c t i v i t i e s  a f t e r  
c e s s a t i o n  o f  s a l i c y l a t e  t r e a t m e n t  w ere  u s u a l l y  fo und  i n  t h o s e  
s u b j e c t s  i n  whom t h e  a c t i v i t y  had  been  sub n o rm a l  b e f o r e  t h e  
d r u g  had  been  g i v e n .
S e r i o u s  b l e e d i n g  d i d  not o c c u r  i n  any o f  t h e  c a s e s  
i n v e s t i g a t e d ,  b u t  melaena  was o b s e r v e d  i n  one c ase  o f  
p e r n i c i o u s  an a e m ia ,  a p u r p u r i c  r a s h  a p p e a r e d  i n  l e u k a e m i a ,  
and one s u b j e c t  s u f f e r i n g  from h y p e r t h y r o i d i s m  d e v e lo p e d  
e p i s t a x i s .  A l l  t h e s e  symptoms w ere  a s s o c i a t e d  w i t h  a lo w ered  
p r o t h r o m b i n  a c t i v i t y  o c c u r r i n g  d u r i n g  t r e a t m e n t  w i t h  sodium 
s a l i c y l a t e ,  and  i t  seems e s t a b l i s h e d  t h a t  t h e  d r u g  was t h e  
c a u s e .
The e f f i c i e n c y  o f  v i t a m i n  K i n  c o u n t e r a c t i n g  t h e  
h y p o p r o th r o m b in a e m ia  p ro d u c e d  by  s a l i c y l a t e  t h e r a p y  w h ic h  
S h a p i r o  (1944)  d e s c r i b e d  h a s  b e e n  c o n f i r m e d .  I n  some c a s e s  
how ever ,  t h e  r e s p o n s e  t o  v i t a m i n  K was l e s s  t h a n  was  e x p e c t e d ,  
and t h i s  s u g g e s t e d  t h a t  some o t h e r  f a c t o r  m i g h t  be l a c k i n g  
i n  t h e s e  s u b j e c t s .  S h a p i r o  had fo u n d  i n  one o f  h i s  c a s e s  
t h a t  t h e  p r o th r o m b i n  a c t i v i t y  c o u l d  n o t  be  r e s t o r e d  t o  normal  
u n t i l  t r e a t m e n t  w i t h  a s c o r b i c  a c i d  i n  a d d i t i o n  t o  v i t a m i n  K 
was i n s t i t u t e d ;  and t h i s  l e d  to t h e  d e c i s i o n  i n  t h e  p r e s e n t  
s tu d y  t o  i n v e s t i g a t e  the  v a l u e  o f  a s c o r b i c  a c i d  i n  c o u n t e r ­
a c t i n g  h y p o p r o th r o m b in a e m ia  o f  s a l i c y l a t e  t h e r a p y .  The
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r e s u l t s  r e p o r t e d  i n  t h i s  t h e s i s  show t h a t  a s c o r b i c  a c i d ,  
when a d m i n i s t e r e d  c o n c u r r e n t l y  w i t h  v i t a m i n  K, can p r o d u c e  
a s a t i s f a c t o r y  a n t i - p r o t h r o m b i n o p a e n i c  e f f e c t .  The 
i n v e s t i g a t i o n s  c a r r i e d  ou t  on t h e  s c o r b u t i c  s u b j e c t s  
d e m o n s t r a t e  t h i s  more m a r k e d l y .
The o b s e r v a t i o n s  made seem to  s u g g e s t  t h a t  some 
r e l a t i o n s h i p  may e x i s t  b e tw e e n  v i t a m i n  K and a s c o r b i c  a c i d  
w h ic h  i s  a o s o c i a t e d  w i t h  p r o th r o m b i n  p r o d u c t i o n  i n  t h e  l i v e r ,  
and t h e  a c t i o n  o f  s a l i c y l a t e  i n  l o w e r i n g  t h e  p r o t h r o m b i n  
c o n t e n t  o f  t h e  b lo o d  may be a r e s u l t  o f  i n t e r f e r e n c e  by th e  
d r u g  w i t h  c e r t a i n  h e p a t i c  enzyme s y s t e m s .
The g e n e r a l  c o n c l u s i o n  r e a c h e d  from t h e s e  s t u d i e s  i s  
t h a t  t h e r e  i s  some e v i d e n c e  f o r  a d m i n i s t e r i n g  b o t h  v i t a m i n  
G and v i t a m i n  K t o  p a t i e n t s  s u f f e r i n g  from a c u t e  r h e u m a t is m  
who a r e  b e i n g  t r e a t e d  i n t e n s i v e l y  w i t h  s a l i c y l a t e ,  i f  a 
t e n d e n c y  t o  h a em o r rh ag e  i s  t o  be a v o i d e d .
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SUMMARY>
1. The l i t e r a t u r e  on t h e  p h a rm a co lo g y  o f  sodium s a l i c y l a t e  i n  
rh e u m a t i s m  i s  r e v i e w e d .
2 .  An i n v e s t i g a t i o n  o f  Brod ie?  s ( 1 9 4 4 )  method o f  m e a s u r i n g  
t h e  s a l i c y l a t e  c o n t e n t  o f  serum i s  r e p o r t e d ,  and c e r t a i n  
p r a c t i c a l  p r e c a u t i o n s  d e s c r i b e d .
3 .  A number o f  g e n e r a l  f a c t o r s  a f f e c t i n g  serum s a l i c y l a t e  
c o n c e n t r a t i o n s  were i n v e s t i g a t e d ,  and t h e  e f f e c t  o f  
a d m i n i s t e r i n g  d i f f e r e n t  am ounts  o f  sodium s a l i c y l a t e  a t  
d i f f e r e n t  f r e q u e n c i e s  and by d i f f e r e n t  r o u t e s  have b e e n  s t u d i e d #
4* The e f f e c t  o f  sodium b i c a r b o n a t e  a d m i n i s t r a t i o n  on serum 
s a l i c y l a t e  c o n c e n t r a t i o n s  u n d e r  d i f f e r e n t  c o n d i t i o n s  o f  f l u i d  
i n t a k e  h a s  b e e n  s t u d i e d .
5# The l e v e l  o f  serum s a l i c y l a t e  a t t a i n e d  i n  c e r t a i n  d i s e a s e s  
under  s t a n d a r d  c o n d i t i o n s  o f  dosage  h a s  b e en  i n v e s t i g a t e d .
6. The d u r a t i o n  and i n c i d e n c e  o f  c e r t a i n  m a n i f e s t a t i o n s  o f  
s a l i e y l i s m  i n  s u b j e c t s  i n  whom v a r i o u s  serum s a l i c y l a t e  
c o n c e n t r a t i o n s  were b e i n g  m a i n t a i n e d  i s  d e s c r i b e d .
7.  The e f f e c t  o f  sodium s a l i c y l a t e  on t h e  p r o th r o m b i n  
a c t i v i t y  o f  t h e  p lasm a i n  v i v o  was s t u d i e d  i n  norm al  s u b j e c t s ,  
a s e r i e s  o f  i n d i v i d u a l s  u n d e r  t r e a t m e n t  f o r  a v a r i e t y  o f  
c o n d i t i o n s ,  and a s e r i e s  o f  p a t i e n t  s u f f e r i n g  from a s c o r b i c
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a c i d  d e f i c i e n c y  i n  v a r y i n g  d e g r e e s .
8 .  The e f f e c t  o f  v i t a m i n  K a d m i n i s t r a t i o n ,  w i t h  and 
w i t h o u t  a s c o r b i c  a c i d  a d m i n i s t r a t i o n ,  on t h e  h y p o p ro th ro m b in '  
aem ia  c a u s e d  by s a l i c y l a t e  t h e r a p y  i s  r e p o r t e d #
A C K N O W L E D G M E N T S  •
I  a cknow ledge  w i t h  p l e a s u r e  t h e  d e b t  I  owe to  
Dr.  J .  R o n a ld  f o r  h i s  c o n t i n u o u s  and  e n c o u r a g i n g  i n t e r e s t ,  
and f o r  t h e  h e l p f u l  c r i t i c i s m  and g u i d a n c e  w hich  he f r e e l y  
g a v e .
The t a s k  o f  t r a c i n g  many o f  t h e  r e f e r e n c e s  was 
l i g h t e n e d  by t h e  h e l p  o f  M is s  M.O* M a c d o u g a l l ,  F .S . A .  ( S c o t . ) ,  
I n v e r n e s s  B u rg h  and County L i b r a r i a n ,  who was. a b l e  t o  make 
a v a i l a b l e  f o r  c o n s u l t a t i o n  works w h ich  c o u l d  no t  be  o b t a i n e d  
f rom  t h e  u s u a l  s o u r c e s .
I  am i n d e b t e d  t o  Mr. C. H un t ,  C l i n i c a l  P h o t o g r a p h e r  
t o  Ra igm ore  H o s p i t a l  and t h e  R oya l  N o r t h e r n  I n f i r m a r y ,  I n v e r n e s s ,  
f o r  t h e  p h o t o g r a p h s .
M is s  H. S c o t t  gave i n v a l u a b l e  s e c r e t a r i a l  a s s i s t a n c e ,  
and I  h a v e  b e n e f i t e d  from t h e  t e c h n i c a l  a i d  r e n d e r e d  by 
Mr . R. Mac k a y ,  Ph. C*
Dr. H . J . R .  K i r k p a t r i c k ,  D i r e c t o r ,  N o r t h  o f  S c o t l a n d  
B lo o d  T r a n s f u s i o n  S e r v i c e ,  gave  g e n e ro u s  s u p p l i e s  o f  serum.
I  a l s o  owe t h a n k s  to  t h e  S i s t e r s  a nd N u r s i n g  S t a f f  who 
have  a s s i s t e d  me i n  v a r i o u s  ways; and t o  t h e  p a t i e n t s  who 
c h e e r f u l l y  s u b m i t t e d  t o  t h e  many i n v e s t i g a t i o n s .
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